For  Reference 


NOT  TO  BE  TAKEN  FROM  THIS  ROOM 


(9x  imis 
TOmainsis 


University  of  Alberta 
Printing  Department 


Digitized  by  the  Internet  Archive 
in  2019  with  funding  from 
University  of  Alberta  Libraries 


https://archive.org/details/Reid1964 


THE  UNIVERSITY  OF  ALBERTA 


SOME  FACTORS  AFFECTING  NITROGEN  MOVEMENT,  TRANSFORMATIONS, 

AND  UPTAKE  IN  ALBERTA  SOILS 


by 


ARTHUR  SELBOURNE  JELF  REID,  B.S.A.,  M.S.A.  (Toronto) 


A  THESIS 

SUBMITTED  TO  THE  FACULTY  OF  GRADUATE  STUDIES 
IN  PARTIAL  FULFILMENT  OF  THE  REQUIREMENTS  FOR  THE  DEGREE 

OF  DOCTOR  OF  PHILOSOPHY 


DEPARTMENT  OF  SOIL  SCIENCE 


EDMONTON,  ALBERTA 


NOVEMBER,  1964 


UNIVERSITY  OF  ALBERTA 


FACULTY  OF  GRADUATE  STUDIES 


The  undersigned  certify  that  they  have  read,  and  recommend 
to  the  Faculty  of  Graduate  Studies  for  acceptance,  a  thesis  entitled 
"Some  Factors  Affecting  Nitrogen  Movement,  Transformations,  and  Uptake 
in  Alberta  Soils"  submitted  by  Arthur  Selbourne  Jelf  Reid,  B.S.A., 
M.S.A.  (Toronto),  in  partial  fulfilment  of  the  requirements  for  the 
degree  of  Doctor  of  Philosophy. 


ABSTRACT 


Greenhouse  and  laboratory  studies  were  conducted  on  Maleb  and 
Cooking  Lake  soils  with  the  objective  of  comparing  the  utilization  of 
added  N  on  these  soils.  An  attempt  was  also  made  to  study  some  of  the 
factors  affecting  N  movement,  transformations,  and  uptake  in  these  soils. 

It  appeared  from  these  studies  that  the  Maleb  A  horizon  promoted 
the  growth  of  barley  in  the  presence  of  added  N  to  a  greater  extent  than 
did  the  Cooking  Lake  analogue,  and  provided  a  larger  pool  of  available  N 
from  which  the  crop  could  draw.  Applied  N  proved  to  be  the  dominant 
nutrient  variable,  and  had  a  marked  effect  not  only  on  the  dry  matter  yield 
of  barley  but  also  on  the  uptake  of  N,  K,  and  Ca. 

Lime  had  a  depressive  effect  on  N  uptake  on  the  Maleb  A  horizon 
and  to  a  lesser  degree  on  the  Cooking  Lake  soil.  On  the  C  horizon  of  both 
soils  there  was  evidence  that  lime  interfered  with  the  uptake  of  K.  The 
effect  of  added  lime  appeared  to  be  similar  to  that  of  indigenous  free  lime 
in  inhibiting  N  uptake  on  the  different  soils. 

Applied  K  had  no  noticeable  effect  on  the  yields  of  dry  matter, 

N,  and  Ca  but  did  promote  K  uptake  on  the  Maleb  and  Cooking  Lake  A  horizons. 

Tracer  studies  involving  the  use  of  N^H^NO^  were  conducted  in 
an  attempt  to  characterize  the  N  equilibrium  in  the  Maleb  and  Cooking  Lake 
A  horizons  and  also  to  investigate  immobilization-mineralization  phenomena 
in  these  soils.  Rittenberg's  apparatus  for  converting  N^H^+  to  N2  gas  had 
to  be  modified  considerably  to  ensure  collection  of  samples  with  low  air 
contamination.  It  was  found  that  added  N  does  not  become  uniformly  diluted 
with  the  total  soil  N.  Evidence  was  found  of  an  "active"  soil  N  fraction 
composed  essentially  of  amino  acids  and  acid-soluble  humin.  A  portion  of 
the  tagged  N  which  was  added  became  initially  immobilized  in  this  "active 


fraction",  but  was  subsequently  released  by  mineralization  and  appeared  to 
enter  the  inorganic  pool  of  soil  N.  There  was  an  inverse  relationship 
between  the  inorganic  fraction  of  soil  N  and  the  aforementioned  "active" 
f rac  tion . 

There  was  evidence  that  the  Maleb  soil  was  superior  to  the 
Cooking  Lake  from  the  standpoint  of  absolute  size  of  the  active  fraction. 
Furthermore,  the  Cooking  Lake  soil  appeared  to  immobilize  a  greater  portion 
of  the  added  N  in  difficultly  available  form.  Fluctuations  in  the  magnitude 
of  the  "active"  fraction  of  soil  N  were  reflected  in  the  efficiency  of 
utilization  of  added  N  as  indicated  by  the  size  of  the  active  pool  and 
ultimately  in  the  relative  amounts  of  N  taken  up  from  each  soil. 

nI^h^NO-}  was  also  used  to  study  the  phenomenon  of  NH^+  retention 
in  the  major  horizons  of  both  soils.  The  Maleb  A  appeared  to  have  a  greater 
affinity  for  the  NH^+  ion  than  did  the  Cooking  Lake  A  horizon.  In  the  case 
of  the  C  horizons  the  reverse  was  observed. 

Despite  the  percolation  of  nine  inches  of  water  through  the  soil 
columns  48  per  cent  of  added  was  retained  in  the  top  inch  of  the  Maleb  A 

horizon  and  25  per  cent  in  the  Cooking  Lake  A.  This  could  have  important 
implications  under  field  conditions  if  nitrogenous  fertilizers  are  applied 
in  NH^+  form. 

Substantial  amounts  of  added  appeared  to  be  retained  and  held 

in  difficultly  available  form  or  lost  from  the  Maleb  and  Cooking  Lake  C 
horizons . 

The  prime  reason  for  the  observed  difference  in  N  utilization  and 
uptake  between  the  soils  appeared  to  be  differences  in  immobilization- 
mineralization  properties  but  retention  phenomena  probably  had  contributory 


ef f ec  ts . 
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INTRODUCTION 


The  essentiality  of  nitrogen  in  the  metabolism  of  growing  plants 
is  well-established.  Thus,  the  reserve  of  plant-available  nitrogen  as 
well  as  the  nitrogen  supplying  power  of  a  soil  are  factors  of  singular 
importance  in  plant  nutrition.  A  low  nitrogen  supplying  power  in  a  soil 
may  be  due  to  one  or  more  factors.  In  neutral  and  alkaline  soils  for 
example,  toxic  nitrite  nitrogen  may  accumulate  in  levels  deleterious  to 
plant  growth.  Likewise,  the  fixation  of  ammonium  nitrogen  indigenously 
or  otherwise  may  result  in  nitrogen  unavailability. 

On  certain  soils,  plants  display  symptoms  of  nitrogen  deficiency 
even  after  the  addition  of  supposedly  adequate  amounts  of  a  nitrogen 
fertilizer.  Viets  (1961)  found  that  on  a  non-calcareous ,  slightly  alkaline 
soil,  nitrogen  recovery  by  crops  from  various  nitrogen  fertilizers  averaged 
81  per  cent.  On  a  highly  calcareous  alkaline  soil,  however,  nitrogen 
recovery  averaged  only  26  per  cent.  Viets  could  not  explain  the  wide  dis¬ 
parity  in  nitrogen  recovery,  but  his  experimental  results  led  him  to  conclude 
that  the  difference  was  not  due  to  the  kind  of  nitrogen  fertilizer  used. 

This  problem  of  poor  nitrogen  recovery  from  added  nitrogen  sources  as  well 
as  low  nitrogen  supplying  power  has  been  reported  also  by  several  investi¬ 
gators  working  on  Alberta  soils  (Synghal  _e_t  al .  ,  1959;  Khan,  1964). 

It  has  also  been  suggested  that  ions  like  potassium  may  exert 
an  antagonistic  influence  on  the  ammonium  ion  and  thus  contribute  signifi¬ 
cantly  to  a  shortage  of  plant-available  nitrogen  in  the  soil.  Because  of 
the  wide  range  of  potassium  values  in  Alberta  soils,  the  effect  of  potassium 
on  nitrogen  availability  is  considered  to  be  of  particular  importance. 
Approximately  3,000  soil  samples  (0-6  inch  depth)  were  analysed  for 
potassium  in  the  Agricultural  Soil  and  Feed  Testing  Laboratory  at  the 
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University  of  Alberta  during  the  period  1959  to  1961  with  0.025  N  HOAc 
being  used  as  the  extractant.  A  plot  of  these  K  values  on  a  map  of  Alberta 
revealed  that  soils  from  the  Brown,  Dark  Brown,  and  Thin  Black  soil  zones 
generally  had  much  higher  potassium  contents  than  soils  from  the  Black, 

Dark  Grey,  and  Grey  Wooded  zones.  Following  this,  Goettel  (1961)  de¬ 
termined  the  forms  of  potassium  in  a  number  of  soil  series  from  the  Thin 
Black,  Black,  and  Grey  Wooded  zones.  It  was  of  particular  interest  that 
extractions  by  1  N  NH^OAc ,  boiling  1  N  HNO^  and  0.025  N  HOAc  showed  much 
higher  K  values  for  the  Airdrie  series  (Thin  Black  zone)  than  for  the  others 
studied.  It  appears  reasonable  therefore  that  the  effect  of  K  on  nitrogen 
availability  in  Alberta  soils  should  be  established.  Since  the  soils  under 
study  also  differ  in  their  content  of  free  lime,  it  was  thought  that  an 
investigation  of  the  effect  of  free  lime  on  N  uptake  might  yield  useful 
information.  Finally,  any  study  of  nitrogen  recovery  from  nitrogen  sources 
added  to  the  soil  is  concerned  directly  or  indirectly  with  the  ultimate 
fate  of  these  nitrogen  sources  after  their  incorporation  in  the  soil.  It 
seemed  logical  therefore  that  an  investigation  of  the  transformations  and 
ultimate  distribution  of  the  added  nitrogen  sources  in  the  soils  should  be 
included  in  the  study.  It  was  not  the  intention  of  the  author  to  compile 
a  nitrogen  balance  sheet  per  se .  Rather  the  study  was  an  attempt  to  investi¬ 
gate  some  of  the  factors  which  might  influence  nitrogen  uptake  by  plants 
with  a  view  to  determining  their  relative  importance.  Essentially  then, 
the  broad  objective  of  this  investigation  was  to  study  the  effect  of  K  and 
free  lime  on  N  uptake  by  plants.  Closely  allied  to  this  main  objective  was 
an  attempt  to  determine  the  extent  and  importance  of  NH^  fixation  and  nit¬ 
rogen  transformations  in  the  soils  under  study  with  a  view  to  elucidating 
any  influence  these  factors  might  have  on  the  overall  problem. 
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REVIEW  OF  LITERATURE 

1.  NITROGEN  AND  PLANT  GROWTH 

Nitrogen  is  essential  for  plant  growth  since  it  is  a  constituent 
of  all  proteins  and  hence  of  all  protoplasm.  It  is  generally  taken  up  by 
plants  either  as  ammonium  or  nitrate  ions,  but  the  absorbed  nitrate  is 
rapidly  reduced,  probably  to  ammonium  form  through  a  molybdenum-containing 
enzyme.  The  ammonium  ions  and  some  of  the  carbohydrates  synthesized  in  the 
leaves  are  converted  to  amino  acids  mainly  in  the  green  leaf  itself.  Nit¬ 
rogen  tends  primarily  to  encourage  above-ground  vegetative  growth  and  to 
impart  to  leaves  a  deep  green  colour.  With  cereals  it  often  increases  the 
plumpness  of  the  grains  and  the  percentage  and  quality  of  protein.  With 
all  plants  it  acts  as  a  regulator  in  that  it  governs  to  a  considerable 
degree  the  utilization  of  potassium,  phosphorus,  and  other  constituents. 
Moreover,  its  application  tends  to  produce  succulence,  a  quality  particularly 
desirable  in  certain  crops  such  as  lettuce  and  radish. 

As  the  nitrogen  supply  increases  in  proportion  to  other  nutrients, 
the  extra  protein  produced  allows  the  plant  leaves  to  grow  larger  and  thus 
produce  a  larger  available  surface  for  photosynthesis.  In  fact,  according 
to  Russell  (1961),  over  a  considerable  range  of  nitrogen  supply  for  many  crops, 
the  amount  of  leaf  area  available  for  photosynthesis  is  roughly  proportional 
to  the  amount  of  nitrogen  supplied. 

Nitrogen  also  increases  the  relative  proportion  of  protoplasm  to 
cell  wall  material.  The  higher  the  nitrogen  supply  the  more  rapidly  the 
synthesized  carbohydrates  are  converted  to  proteins  and  to  protoplasm,  and 
the  smaller  the  proportion  left  available  for  cell  wall  material.  This 
latter  effect  of  nitrogen  has  several  consequences.  It  increases  the  size 
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of  leaf  cells  and  gives  them  a  thinner  wall  thus  making  the  leaves  more 
succulent.  There  is  also  an  accompanying  increase  in  the  proportion  of 
water  and  a  decrease  in  the  ratio  of  calcium  to  dry  matter;  the  former 
because  protoplasm  has  more  water  and  the  latter  because  it  has  less  calcium 
than  cell  wall  material.  Excessive  amounts  of  nitrogen  produce  prolonged 
vegetative  growth  in  plants,  delay  maturity,  and  increase  the  length  of  the 
growing  season  by  keeping  the  free  carbohydrate  content  of  the  leaf  too  low. 
In  addition,  it  produces  such  large,  thin-walled  cells  in  the  leaves  that 
they  become  very  susceptible  to  attack  by  insect  and  fungus  pests,  as  well 
as  to  damage  by  unfavourable  weather  such  as  droughts  and  frost.  A  very 
low  nitrogen  supply,  on  the  other  hand,  produces  leaves  with  small  cells 
and  thick  walls  and  the  leaves  are  consequently  harsh  and  fibrous. 

Nitrogen  deficiency  in  plant  leaves  appears  generally  as  a  pale-yellow  or 
yellow-green  chlorosis  depending  on  the  plant  species  and  the  extent  of  the 
def ic iertcy . 

Cereal  crops  of  the  temperate  regions  such  as  wheat,  oats,  and 
barley  require  only  moderate  levels  of  nitrogen.  Too  high  a  nitrogen  level 
leads  to  the  production  of  excessive  straw  and  poor  yields  of  grain.  In 
some  cases  too  the  excessive  development  of  straw  induces  lodging  of  the 
cereal  grain. 


2.  THE  NITROGEN  CYCLE 

In  all  soils  there  is  a  considerable  intake  and  outgo  of  nitrogen 
during  the  course  of  a  year  and  these  processes  are  accompanied  by  many 
complex  transformations.  "This  interlocking  succession  of  reactions, 
reversible,  infinitely  recurrent  and  largely  biochemical,  constitutes  the 
nitrogen  cycle"  (Russell,  1961). 
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The  nitrogen  income  of  arable  soils  is  derived  from  crop  residues, 
green  manures,  farm  manure,  commercial  fertilizers,  and  small  amounts  of 
inorganic  N  salts  brought  down  by  precipitation.  In  addition,  there  is  the 
fixation  of  atmospheric  nitrogen  accomplished  by  symbiotic  and  non-symbiotic 
micro-organisms.  Nitrogen  removal  from  a  soil  is  due  to  crop  usage,  drainage 
losses,  erosion,  and  loss  in  gaseous  forms  as  elemental  nitrogen,  nitrous 
oxide,  and  perhaps  ammonia.  Much  of  the  nitrogen  added  to  soil  is  transformed 
before  removal  and  organic  nitrogen  in  particular  is  subject  to  complex 
changes.  Proteins  are  converted  to  various  decomposition  products;  ammonify¬ 
ing  organisms  convert  some  of  these  to  ammonium  form  and  nitrifying  organisms 
produce  nitrates  from  the  ammonium  nitrogen  by  processes  that  are  still 
relatively  obscure.  Thus,  a  cyclic  transfer  of  nitrogen  goes  on,  abounding 
with  complex  transformations  and  illustrating  the  remarkable  mobility  of 
the  element. 

3.  ION  INTERACTIONS  AND  THEIR  EFFECT  ON  NUTRIENT  UPTAKE 

Early  workers  (Bear,  1950)  suggested  that  since  an  electro¬ 
chemical  balance  must  exist  in  plants,  absorption  of  one  ion  in  excessive 
amounts  by  plants  would  adversely  affect  the  uptake  of  other  ions.  There, 
is,  however,  much  that  is  still  obscure  about  the  interplay  of  different 
ions  in  the  nutrition  of  plants  and  about  the  mechanisms  by  which  such 
balances  are  maintained. 

Nielson  et  al .  (1963)  studied  the  effect  of  ion  interactions  on 
the  uptake  of  N,  P,  Ca,  Cl,  and  S  by  corn.  These  workers  found  that  yield 
increases  were  obtained  as  the  rates  of  application  of  N,  P,  and  K  were 
increased  but  Cl  and  S  had  no  effect.  There  were  reductions  in  content  of 
some  of  the  nutrients,  which  could  be  partially  explained  by  a  dilution  effect 
resulting  from  yield  increases.  Dilution,  however,  seemed  inadequate  to 
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account  for  the  adverse  effects  of  N  on  per  cent  K,  P  on  per  cent  K,  K  on 
per  cent  N,  per  cent  P,  and  per  cent  Ca  and  of  Cl  on  per  cent  S.  In  these 
cases  there  was  strong  evidence  of  the  existence  of  specific  antagonisms. 

There  was  evidence  too  of  a  beneficial  effect  of  one  ion  on  the  accumulation 
of  another.  For  example,  increases  in  content  of  both  P  and  Ca  resulted 
from  increases  in  application  of  N.  The  supply  of  N  appeared  to  have  a 
dominating  influence  in  the  nutrient  interactions  and  there  was  a  highly 
significant  N  x  K  interaction  on  yield  and  the  uptake  of  all  nutrients  under 
s  tudy . 

Drake  and  White  (1961),  while  studying  the  influence  of  N  on  Ca 
uptake,  suggested  that  N  increased  the  cation  exchange  ratio  of  the  plant 
roots.  This  created  a  Donnan-dis tribution  which  favored  Ca  uptake.  These 
workers  also  suggested  that  this  effect  may  give  N  an  important  role  in 
modifying  the  ratio  of  K  to  Ca  in  some  plants. 

Walker  and  Pesek  (1963)  determined  the  N,  P,  and  K  composition  of 
Kentucky  Bluegrass  (Poa  pratens is)  as  a  function  of  applied  N,  P,  and  K. 

Using  response  surfaces  to  depict  the  various  interactions,  these  investi¬ 
gators  showed  that  in  the  absence  of  applied  N,  low  rates  of  P  and  K 
decreased  the  nitrogen  percentage.  At  high  rates  of  P  and  K,  however,  the 
N  percentage  was  increased.  There  was  a  positive  N  x  K  interaction  which 
indicated  that  the  per  cent  N  had  increased  at  a  faster  rate  in  the  presence 
of  K  than  could  be  explained  by  the  linear  N  effect.  There  was  also  an 
indication  that  the  N  concentration  in  the  bluegrass  decreased  at  a  slower 
rate  as  a  result  of  applied  K  than  could  be  expected  on  the  basis  of  the 
linear  K  term.  When  per  cent  N  was  expressed  as  a  function  of  applied  K 
alone,  increasing  rates  of  K  appeared  to  decrease  the  per  cent  N  in  the 
bluegrass,  but  at  a  decreasing  rate.  For  example,  at  a  52  lb./ac.  rate  of 


. 
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applied  P,  added  K  decreased  the  plant  content  of  N  to  a  minimum  at  35  lb. 
K/ac.  and  then  increased  it.  Applied  N  and  K  were  also  found  to  have 
statistically  significant  effects  on  the  uptake  of  P  by  the  bluegrass. 

Plants  can,  in  general,  utilize  nitrogen  both  as  nitrates  or 
ammonium  ions.  Following  absorption  the  nitrogen  must  be  reduced  in  order 
to  facilitate  incorporation  into  the  amino  acids  and  proteins  so  vital  to 
plant  growth.  Macleod  and  Carson  (1964),  working  with  hydroponic  solutions, 
studied  the  effect  of  K  on  the  utilization  of  NO^  and  NH^+  by  alfalfa  and 
orchard  grass.  These  workers  found  that  an  increase  in  potassium  supply 
generally  caused  a  decrease  in  the  total  N,  protein  N,  non-protein  N,  and 
reduced  N  in  the  plant  tissue.  High  rates  of  nitrogen,  unless  accompanied 
by  adequate  potassium  treatment  seemed  to  encourage  the  accumulation  of 
soluble  N  products.  High  potassium  levels  with  low  N,  on  the  other  hand 
had  detrimental  effects  on  protein  content.  At  low  rates  of  N  the  NO^ 
content  decreased  as  the  rate  of  K  was  increased.  With  higher  rates  of 
N,  however,  the  NO^”  content  increased  as  the  rate  of  K  was  increased. 

4.  nh4+  FIXATION 

Information  on  NH^+  fixation  is  of  practical  importance  from  at 
least  two  standpoints.  Firstly,  as  shown  by  Bower  (1950),  the  use  of  the 
neutral  N  ammonium  acetate  method  for  the  determination  of  cation  exchange 
capacity  gives  low  values  when  applied  to  soils  that  fix  NH^"*~  under  moist 
conditions.  Secondly,  the  ability  of  a  soil  to  fix  appreciable  amounts  of 
NH^+  will  influence  its  nitrogen  economy.  Evidence  of  NH4"1"  fixation  was 
reported  as  early  as  1917  by  McBeth,  who  was  unable  to  recover  from  a 
California  soil  more  than  81  per  cent  of  an  added  ammonium  salt  despite 
prolonged  extraction  with  10  per  cent  HC1. 
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Many  soils  have  the  capacity  to  fix  relatively  large  amounts  of 
ammonium- nitrogen  and  potassium,  especially  in  their  subsurface  layers. 

The  mechanism  of  fixation  of  the  two  cations  is  believed  to  be  similar 
(Reitemeier,  1951). 

Allison  et  al .  (1951),  while  studying  NH4+  fixation  in  clay- loam 

soils,  noted  that  the  fixation  of  added  increased  sixfold  when  the  soils 

o 

were  heated  to  100  C  as  opposed  to  comparable  fixation  under  moist  conditions. 
Fixation  under  moist  conditions  was  thought  to  be  due  chiefly  to  illite, 
while  the  additional  fixation  resulting  from  drying  was  attributed  to  both 
montmoril Ionite  and  illite. 

Recent  reports  by  a  number  of  workers  have  indicated  substantial 

percentages  of  indigenous  fixed  in  many  soils.  This  suggests  that  in 

certain  cases  mineral  nitrogen  cannot  be  justifiably  disregarded  as  being 

a  minute  and  transient  entity.  Young  (1962),  working  on  C/N  ratios  in  some 

Pacific  Northwest  soils,  found  that  the  popular  concept  "that  nearly  all 

soil  N  exists  in  organic  combination"  still  appears  valid  for  the  surface 

horizons  of  most  mineral  soils.  It  was,  however,  not  adequate  for  many 

subsurface  horizons  as  well  as  for  several  soils  when  the  entire  soil  N 

reservoir  was  considered.  In  such  cases,  Young  suggested  that  a  more 

appropriate  generalization  would  be  that  "about  80  to  98  per  cent  of  the 

total  N  exists  in  organic  combination."  Mineral  N  was  found  largely  as 

+  + 

indigenous  fixed  NH4  but  exchangeable  NH4  was  the  dominant  mineral  form 
in  some  of  the  soils  under  study. 

Hinman  (1963)  conducted  a  somewhat  similar  study  on  certain 
Saskatchewan  soils.  His  results  added  even  further  emphasis  to  the  im¬ 
portance  of  fixed  ammonium  as  a  portion  of  inorganic  soil  nitrogen.  He 
found  that  the  clay  fractions  of  the  soils  studied  were  mineralogically 
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similar,  consisting  largely  of  montmoril Ionite  and  illite,  and  they  contained 

+ 

essentially  the  same  amounts  of  fixed  ammonium,  approximately  2.4  me.  NH^ 
per  100  g.  of  clay.  Surprisingly,  however,  he  also  found  substantial  amounts 
of  fixed  ammonium  in  the  silt  fraction  of  the  soils  studied.  A  comparison 
of  several  paired  surface  samples  of  cultivated  and  virgin  soils  revealed 
that  cultivation  had  reduced  the  average  total  nitrogen  by  one- third.  The 
average  amount  of  fixed  ammonium,  however,  appeared  to  be  unaffected  by 
cultivation . 


5.  EFFECT  OF  K  ON  THE  NITRIFICATION  OF  FIXED  NH4+ 


Welch  and  Scott  (1960)  observed  that  added  K  interferes  with  the 
nitrification  of  fixed  NH4+  in  clay  minerals  but  not  with  the  nitrification 
of  NH4+  in  the  form  of  (NH^^SO^.  They  concluded,  therefore,  that  the  added 
K  had  blocked  the  release  of  fixed  NH,+  from  the  clay  minerals. 


Allison  _et  al .  (1951)  found  that  fixed  NH4  in  soils  and  clay 
minerals  is  more  completely  nitrified  if  the  free  and  exchangeable  forms  of 


+ 


NH^  are  removed  by  leaching  with  CaC^  rather  than  with  KC1.  They  attributed 
this  difference  in  the  availability  of  fixed  NH4+  to  the  K  ion  and  its  greater 
contracting  effect  on  the  crystal  lattice. 

Nommik  and  Jansson,  quoted  by  Welch  (1960),  studied  the  effect  of 
added  K  on  the  availability  of  NH4+  added  to  an  ammonium  fixing  soil.  When 
K  was  added  simultaneously  with  NH4+  as  opposed  to  NH^+  addition  alone,  there 
was  less  carbon  mineralization  by  heterotrophic  micro-organisms  and  less  N 
uptake  by  plants.  In  nitrification  experiments,  however,  Jansson  found  that 
the  typical  release  of  fixed  NH^"*"  between  the  15th  and  30th  days  of  incuba¬ 


tion  was  not  affected  by  the  addition  of  K. 


’ 
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Axley  and  Legg  (1960)  observed  that  plant  uptake  of  N  from  (NH^^SO^ 
or  urea  was  not  greatly  affected  by  the  capacity  of  the  soil  to  fix  ammonium 
unless  sufficient  K  was  present  to  block  the  release  of  NH^+.  Addition  of 
K  with  NaNO^  had  little  effect  on  yields  or  N  uptake,  but  with  an  ammonium 
source  of  N,  similar  K  treatments  severely  decreased  N  uptake  from  soils 
having  appreciable  fixation  capacities. 

6.  NITROGEN- SUPPLYING  POWER 

Considerable  effort  has  been  expended  to  find  a  procedure  for 
estimating  the  nitrogen-supplying  power  of  soils,  and  various  biological 
and  chemical  methods  have  been  proposed.  Most  of  these  are,  however,  too 
time-consuming  or  unreliable  for  general  use.  Perhaps  the  most  widely  used 
method  is  the  nitrate  accumulation  test,  but  even  this  procedure  has  not 
achieved  universal  acceptance.  The  bulk  of  soil  N  is  thought  to  be  combined 
in  organic  substances  that  are  highly  resistant  to  decomposition,  but  as  much 
as  a  third  of  the  nitrogen  in  some  soils  is  in  protein  form  and  may  be 
liberated  by  acid  or  alkaline  hydrolysis  (Kojima,  1947;  Rendig,  1951).  Since 
only  traces  of  amino  acids  have  been  detected  in  soils  (Bremner,  1950),  it 
seems  reasonable  to  assume  that  proteins  are  the  basic  source  of  soil  N 
released  by  microbial  decomposition.  Most  of  the  protein  N  in  soils  has 
lost  its  original  identity  as  a  result  of  refabrication  by  soil  microbes. 

This  is  substantiated  by  Bremner  who  found  the  amino  acid  composition  of 
the  protein  fraction  from  10  soils  to  be  remarkably  constant.  Davidson  _et  al . 
(1951)  reported  only  minor  variations  in  the  composition  of  proteins  from 
podzol  and  prairie  soils.  On  the  basis  of  these  findings  Purvis  and  Leo  (1961) 
subsequently  developed  a  technique  for  determining  the  more  readily  hydrolyzable 
N  fraction  in  soils  and  obtained  a  very  high  correlation  between  this  value, 
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N  uptake  by  a  wheat  crop,  and  crop  yield.  These  latter  results  suggest 
this  potentially  available  N,  or  PAN  value,  of  Purvis  and  Leo  is  a  measure 
of  the  source  of  soil  N  utilized  by  plants.  These  workers  also  conducted 
NO^  accumulation  studies  and  they  obtained  a  higher  correlation  between  the 
PAN  value  and  N  uptake  and  crop  yield  than  between  the  NO^  -N  value  and  the 
latter  two  factors.  Thus  it  would  appear  that  the  PAN  value  of  Purvis  and 
Leo  is  at  least  as  reliable  as,  and  may  even  be  superior  to,  the  NO^  -N 
value  as  an  index  of  the  nitrogen-supplying  power  of  soils. 

7.  FATE  OF  ADDED  N  IN  SOILS 

Inorganic  nitrogen  fertilizers  are  usually  considered  to  have 
relatively  little  residual  effect  when  applied  to  soils.  On  the  other  hand 
it  is  a  well-known  fact  that  fertilizer  N  is  by  no  means  completely  utilized 
by  crops.  A  certain  portion  remains  in  the  soil  while  some  may  be  lost 
completely.  Although  the  processes  which  affect  the  nitrogen  not  utilized 
by  crops  are  fairly  well  understood,  investigators  have  experienced  great 
difficulty  in  compiling  a  balance  sheet  for  this  N  and  in  estimating  its 
value  for  future  crops.  Jansson  (1958)  in  long  term  pot  experiments  con¬ 
sistently  obtained  a  50  per  cent  crop  recovery  of  tagged  fertilizer  N  in 
the  first  year  after  addition  of  the  nitrogen.  In  all  subsequent  years  the 
per  cent  N  recovery  approximated  1  per  cent. 

Little  information  is  available  at  present  on  the  transformations 
and  distribution  of  added  N  in  soils.  The  advent  of  isotopic  tracing 
techniques  involving  the  use  of  N^  as  a  tracer  has  facilitated  the  differ¬ 
entiation  of  added  N  from  native  soil  N.  The  type  of  chemical  methods  for 
separating  and  analyzing  various  nitrogenous  components  in  soils,  which  can 
be  adopted  or  modified  to  incorporate  the  tracing  technique  is  limited.  In 
general,  the  amount  of  nitrogen  isotopes  in  a  given  medium  is  determined  by 
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analyzing  the  N  gas  liberated  from  it.  The  procedure  developed  by  Rittenbgrg 
(1946)  with  slight  modifications  is  still  widely  used  today.  Essentially, 
the  procedure  involves  three  principal  steps,  namely:  (a)  liberation  of  N 
as  NH^  by  various  chemical  methods,  (b)  conversion  of  the  NH^+  liberated 
to  gaseous  N2  by  alkaline  hypobromite  oxidation  in  an  evacuated  system,  and 
(c)  measurement  of  the  isotopic  composition  of  the  nitrogen  gas  with  a  mass 
spectrometer.  The  conversion  of  NH^+  to  N2  gas  may  be  represented  by  the 
equation : 

3NaOBr  +  2NH3  =  3NaBr  +  N2  +  3H20 

Hausman  (1899)  and  Van  Slyke  (1911)  were  among  the  first  investi¬ 
gators  to  develop  procedures  for  fractionating  soil  N.  These  procedures 
consisted  largely  of  a  characterization  of  the  various  chemical  groups  in 
protein,  and  were  based  on  the  premise  that  soil  organic  matter  is  to  a 
great  extent  proteinaceous.  More  recently,  investigators  (Bremner,  1949; 
Kojima,  1947;  Rendig,  1951)  have  employed  modifications  of  the  basic 
schemes  of  Hausmann  and  Van  Slyke  to  analyze  soil  organic  nitrogen.  Fractions 

isolated  included  hydrolyzed  NH^+,  amino  N,  non-amino  N,  humin  N,  unhydrolyzed 

+ 

N,  amino  sugars,  and  fixed  NH^  . 

Cheng  and  Kurtz  (1963)  using  isotopic  tracing  techniques  determined 
the  distribution  of  added  nitrogen  among  various  components  of  soil  nitrogen. 
The  soil  N  was  fractionated  into:  exchangeable  NH^+  plus  NO^  ,  fixed  NH^+, 

acid  hydrolyzable  N,  and  acid- insoluble  humin.  The  acid  hydrolyzate  was 

'  + 

further  separated  into  alkali- labile  N  which  was  largely  hydrolyzed  NH^  plus 
amino  sugars,  and  alkali  stable  N  which  was  a  composite  of  amino  acid  N  and 
acid-soluble,  alkali- insoluble  humin.  Over  90  per  cent  of  the  added  N  in 
the  soils  studied  was  found  in  the  hydrolytic  products  of  soil  organic 
matter,  mainly  as  amino  acid  N,  amino  sugar  N,  and  other  soluble  nitrogen 


forms . 
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Stewart  _et  al .  (1963)  conducted  immobilization  and  mineralization 
studies  on  several  organic  fractions  of  soil.  These  workers  were  mainly 
concerned  with  the  poor  recovery  of  N  fertilizers  applied  to  crop  lands. 

They  measured  changes  in  some  fractions  of  soil  organic  N  when  straw  and 
fertilizer  N  were  incubated  in  the  soil.  Attempts  were  also  made  to  relate 
detectable  changes  in  the  organic  fractions  to  increases  or  decreases  in 
inorganic  N.  Most  of  the  N  immobilized  during  incubation  with  soil  and  straw 
was  found  in  the  nondis tillable  acid-soluble  N  fraction  of  the  hydrolysate. 
This  fraction  was  essentially  the  same  as  the  alkali-stable,  acid-soluble 
fraction  of  Cheng  and  Kurtz  (1963)  and  the  amino  acid  fraction  of  Stevenson 
(1956).  Although  the  non-dis tillable  acid-soluble  fraction  constituted  only 
about  one-half  of  the  total  organic  N,  studies  using  showed  that  about 

three  times  as  much  fertilizer  N  went  into  this  fraction  during  immobilization 
as  went  into  the  distillable  acid-soluble  and  acid- insoluble  fractions 
combined.  These  latter  two  fractions  contain  hydrolyzed  NH^  plus  amino 
sugars  and  fixed  NH^+  plus  insoluble  humin  respectively.  To  a  large  extent, 
changes  in  inorganic  nitrogen  were  accompanied  by  inverse  changes  in  the 
nondis tillab le  acid-soluble  N  fraction.  These  findings  tend  to  support  the 
hypothesis  of  Jansson  (1958)  that  added  N  does  not  become  uniformly  diluted 
with  the  total  N  present.  There  appears  to  be  an  active  fraction  of  the 
total  soil  N  reservoir,  and  a  large  portion  of  immobilized  fertilizer  N 
eventually  enters  this  fraction. 

8.  RESPONSE  SURFACES 

The  importance  of  experimental  design  in  biological  work  has  been 
recognized  for  many  years.  The  traditional  design  has  been  to  study  one 
factor  while  holding  the  others  fixed.  The  most  serious  shortcoming  of  such 
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single  factor  experiments,  however,  is  that  they  do  not  reveal  how  various 
factors  behave  or  interact  when  the  levels  of  other  factors  are  changed. 

This  shortcoming  can  be  overcome  by  using  factorial,  composite  or  similar 
designs  which  allow  the  measurements  of  interactions.  However,  it  is  often 
difficult  to  visualize  the  response  pattern,  and  depicting  the  results 
graphically  as  response  surfaces  is  often  helpful.  These  surfaces,  as  used 
in  biological  work,  are  geometric  models  used  typically  to  portray  multiple 
interactions,  but  they  do  not  alter  the  physical  data.  Mathematical  models 
of  this  type  are  often  used  to  depict  data  from  very  complex  experimental 
designs.  In  general,  for  routine  agronomic  work,  a  measurement  of  linear 
and  quadratic  effects  is  adequate  to  describe  a  response  pattern.  At  times, 
however,  especially  in  multi-factor  experiments,  cubic  and  even  quartic 
functions  must  be  included  in  the  yield  equations.  Hader  e_t  al .  (  1957), 
while  investigating  yield  responses  due  to  Fe  and  Cu  applications,  encountered 
a  problem  of  this  nature.  Responses  appeared  to  be  quadratic  at  low  levels 
of  Cu  but  at  high  levels,  the  yield  increased  to  a  maximum,  decreased  to  a 
minimum,  and  then  increased  again.  A  cubic  function  was  therefore  needed 
to  describe  the  response  pattern.  Response  surfaces  may  assume  various 
geometric  forms  varying  from  relatively  simple  cubes  and  octahedra  to  more 
complex  models  for  composite  designs  (Brown,  1956).  The  geometric  model 
most  commonly  used  in  experimentation  today  may  be  represented  mathematically 
as  follows : 

Y  =  Bq  +  BlXl  +  B2X2  +  BuXl2  +  B22X22  +  B^X^ 

This  represents  the  estimated  yield  at  any  given  point  on  the  response  surface 
with  and  the  variables  in  the  experiment  and  the  B  values  the  coefficients 
which  can  be  computed  by  the  method  of  least  squares.  Specifically,  Bq 
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represents  the  yield  at  the  center  of  the  design  pattern,  and  B2  co¬ 
efficients  for  the  linear  effects,  B^  and  B22  coefficients  for  the  quadratic 
effects  and  coefficient  for  the  interaction.  More  complex  mathematical 

equations  sometimes  incorporate  a  lack  of  fit  term,  which  is  a  measure  of 
the  inadequacy  of  the  polynomial  equation  to  describe  the  data. 


9.  MASS  SPECTROMETRY 


1 .  Theory 


Mass  spectrometry  involves  the  sorting  of  ions  according  to  their 
mass  to  charge  ratio  and  facilitates  the  measurement  of  the  isotope  abundances 
of  an  element.  In  the  gas  source  instruments  used  in  this  study,  the  neutral 
molecules  are  ionized  by  electron  bombardment.  These  electrons  are  emitted 
from  a  hot  filament  and  accelerated  by  a  potential  difference  of  about  100 
volts.  The  electric  field  of  these  electrons  removes  valence  electrons  from 
the  neutral  molecules  or  may  even  decompose  the  molecules  into  charged 
fragments.  The  ions  are  then  accelerated  by  a  potential  of  about  2,500  volts 
through  a  slit  system  into  the  mass  spectrometer  analyzer  tube  acquiring 
kinetic  energy  given  by: 


where 


^mv^  =  eV  (Eq .  1) 

m  =  mass  of  the  ion 
v  =  velocity 
e  =  charge  of  the  ion 
V  =  accelerating  potential. 


In  the  analyzer  tube,  the  ions  are  subjected  to  a  magnetic  field, 
where  they  experience  a  force  at  right  angles  to  the  direction  of  the  field 
and  the  direction  of  motion.  This  causes  them  to  move  in  a  circular  path. 
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The  magnetic  force  Bev  gives  the  ions  a  centripetal  acceleration  v" 

r 


and 


by  Newton's  second  law  of  motion: 


Bev 


mv 

r 


(Eq.  2) 


where  B  =  the  magnetic  flux  density 


r  =  the  radius  of  curvature  of  the  ion  path, 


Combining  equations  1  and  2  produces  the  expression: 

m  =  B^r^  (Eq.  3) 

e  2V 

which  holds  for  the  specific  mass  spectrometers  used  in  this  investigation. 
For  any  given  values  of  V  and  B  only  particles  with  a  certain  ratio  of  m/e 
would  impinge  on  the  collector.  Either  the  voltage  V,  or  the  magnetic  flux 
density  B,  could  be  varied  in  order  to  cause  particles  with  other  m/e  ratios 
to  fall,  on  the  collector. 


2 .  Calculation  of  Content 

In  the  concentration  range  of  5  to  95  atom  per  cent  the  three 

peaks  at  masses  28,  29,  and  30  can  be  measured  with  some  precision.  It  is 
then  possible  in  such  cases  to  calculate  the  isotopic  ratio  by  a  direct 
comparison  of  the  mass  28  and  mass  30  peaks.  At  lower  concentrations  of 
N^,  however,  it  is  more  convenient  and  accurate  to  determine  the  isotopic 
ratio  by  comparing  the  mass  28  and  mass  29  peaks  and  employing  a  conversion 
factor  (Appendix  6  and  7).  In  the  present  study  the  latter  method  was 
employed,  because  there  were  several  samples  which  had  an  enrichment 

below  the  critical  range.  Calculations  of  content  based  on  the  mass  30 

peak  were  therefore  made  solely  for  the  purpose  of  providing  a  check  on  the 

procedure  used  and  on  the  efficiency  of  the  mass  spectrometer. 

Since  a  small  amount  of  air  is  normally  present  in  the  sample  of 
gas,  this  must  be  determined  and  an  appropriate  correction  applied.  The  two 
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most  common  methods  of  determining  the  air  contribution  to  the  sample 
involve  the  measurement  of  the  argon  peak  at  mass  40  or  the  oxygen  peak  at 
mass  32.  From  previous  calibration  of  the  mass  spectrometer  with  air,  the 
height  of  the  peak  at  mass  29  due  to  air  contamination  can  be  calculated. 
Assuming  that  the  extraneous  air  contained  nitrogen  with  a  normal  isotopic 
abundance,  the  height  of  the  contaminating  peak  at  mass  28  can  then  be 
calculated . 

If  x  and  y  are  the  respective  ion  currents  at  masses  28  and  29  due 
to  contaminating  air  and  ^g  and  the  observed  ion  currents,  then  the  true 

ion  current  ratio  is  given  by  R  =  (i  "  x)/(ion  -  y)  .  The 

Zo  Zy 

abundance,  ag  ,  of  the  sample  is  given  by  the  equation: 

a  =  100  /  (2R  +  1)  atom  %  N15 


The  derivation  of  this  equation  is  given  in  Appendix  5.  The  enrichment,  E, 
of  the  sample  is  found  by  subtracting  the  natural  isotopic  abundance  a^  as 

given  by  Rankama  (1954)  from  that  found  in  the  sample,  i.e.: 


E 

= 

15 

as  “  aA  atom  %  excess  N 

This, 

howev er , 

presents  a  merely  qualitative  picture 

of  the  transformations 

being 

traced . 

Jans son 

(1958)  combined  the  excess 

values  with  data  from 

total 

nitrogen 

contents  to  provide  more  meaningful  quantitative  measurements 

The  tracer  level  C 

in 

each  sample  was  given  by: 

C 

= 

NtE/100  W  (me.)  N  excess  per 

gram 

where 

nt 

= 

the  total  N  (me.) 

w 

= 

the  sample  weight  (g.) 

E 

= 

the  atom  per  cent  excess  N^. 

•* 
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3 .  Sources  of  Error  in  Analysis 

(a)  Instrumental  errors 

Determinations  of  are  subject  to  several  sources  of  error. 

Instrumental  errors  which  could  arise  include  lack  of  reproducibility  in 
potentiometer  readings,  isotopic  fractionation  at  the  inlet  leak  in  the  ion 
source,  and  background  variations.  These  are  generally  too  small  to  influence 
the  results  significantly. 

(b)  Memory  effects 

A  small  carry-over  of  labelled  N  from  previous  samples  may  occur 
during  the  concentration  of  Kjeldahl  distillates  if  this  is  done  by  re¬ 
distillation.  Martin  e_t  al .  (1963)  detected  a  contamination  amounting  to 
0.05  -  0.15  per  cent  of  the  tracer  present.  Memory  effects  in  the  mass 
spectrometer  itself  are  generally  negligible. 

(c)  Reference  standard  and  background  contributions 

Free  or  combined  natural  sources  of  nitrogen  contain  an  approximately 
constant  fraction  of  the  heavy  isotope.  The  use  of  as  a  tracer  requires 

the  correct  determination  of  in  excess  of  the  natural  abundance.  Hence, 

incorrect  values  of  this  natural  abundance  could  introduce  quite  substantial 
errors  in  the  case  of  small  samples.  In  the  light  of  variations  in  natural 
abundance  reported  by  certain  workers  (Hoering,  1955),  it  appears  that  the 
best  procedure  is  to  make  a  determination  of  the  isotopic  ratio  in  a  selected 
reference  standard  on  the  instrument  to  be  used  in  the  study.  Compressed 
nitrogen  as  well  as  ordinary  air  have  been  used  as  references.  Soloway  (1951) 
and  Crable  and  Kerr  (1957)  suggested  that  ordinary  air  is  unsuitable  as  a 
reference  since  the  presence  of  oxygen  causes  an  increase  in  the  mass  28 
peak  due  to  production  of  carbon  monoxide  in  the  ion  source.  This  also 
tends  to  shorten  the  life  of  the  filament.  On  account  of  these  considerations, 
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Martin  e_t  al .  (1963)  suggested  the  use  of  deoxygenated  air  as  a  standard. 

To  determine  the  absolute  values  of  isotopic  abundance,  the 
contribution  of  background  peaks  must  be  accurately  known.  Calculations 
of  the  natural  abundance  of  have  shown  that  the  values  obtained  were 

inversely  related  to  sample  pressure.  As  large  a  gas  volume  as  practicable 
is  therefore  generally  used.  Then  by  adjusting  the  pressure  of  the  reference 
gas  to  a  value  approximating  that  of  the  sample,  the  errors  due  to  back¬ 
ground  variation,  although  not  eliminated,  can  be  reduced  to  minimal  levels. 

(d)  Air  correction 

Although  the  magnitude  of  the  argon  peak  at  mass  40  has  been  used 
by  some  workers  (Holt  and  Hughes,  1955;  Capindale  and  Tomlin,  1957;  Huser, 
Habfast  and  Bradke,  1960)  to  correct  for  air  contamination,  there  are  others 
(Rittenberg,  1948;  Sims  and  Cocking,  1958)  who  preferred  the  oxygen  peak  at 
mass  32.  The  argument  of  the  latter  workers  is  that  the  oxygen  concentration 
in  air  is  of  the  same  order  of  magnitude  as  that  of  nitrogen;  hence,  the 
contaminating  peaks  at  masses  28  and  29  can  be  calculated  with  greater 
precision  than  from  argon  measurements.  On  the  other  hand,  oxygen  measure¬ 
ments  are  subject  to  error  according  to  Rittenberg  (1948)  because  fresh  hypo- 
bromite  can  evolve  oxygen,  especially  in  the  presence  of  cupric  ions.  The 
decomposition  is  given  by  the  equation: 

2NaOBr  =  2NaBr  +  02 

Sims  and  Cocking  (1958)  found  that  the  decomposition  is  prevented 
by  the  addition  of  0.1  per  cent  potassium  iodide  to  the  hypobromite  reagent, 
since  it  presumably  forms  a  complex  with  the  copper  catalyst. 

Martin  et  al.  (1963)  pointed  out  another  complication  in  that  the 
composition  of  dissolved  air  is  somewhat  different  from  that  of  ordinary  air, 
argon  being  slightly  more  soluble  than  oxygen  which  in  turn  is  about  twice 
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as  soluble  as  nitrogen.  It  is  impossible  to  distinguish  in  the  mass  spec¬ 
trometer  between  contaminating  air  that  has  been  previously  dissolved  and 
that  resulting  from  a  leak.  The  only  way  out  of  this  dilemma  appears  to  be 
a  reduction  of  air  contamination  to  negligible  proportions. 

(e)  Contamination  by  impurities  other  than  air 

It  is  important  to  ensure,  before  conversion  to  N2  gas,  that  the 
ammonium  solution  is  free  from  organic  substances  many  of  which  show  peaks 
at  masses  28  and  29.  Ethanol  and  methylamine  are  two  such  organic  compounds 
For  precise  work,  the  ammonium  solutions  should  be  evaporated  to  dryness  in 
an  ammonia-free  atmosphere  or  vigorously  boiled  before  further  treatment. 
Following  gas  conversion,  the  use  of  alcohol-dry  ice  and  liquid  air  traps 
has  helped  greatly  in  sample  purification. 

10.  SUMMARY  OF  LITERATURE  REVIEW 

The  following  is  a  summary  of  the  more  salient  points  in  the 
literature  as  they  pertain  to  the  current  study. 

1.  Nitrogen  has  an  essential  role  in  plant  nutrition  in  that  it  is  an 
important  constituent  of  protein  and  indeed  of  all  protoplasm. 

However,  the  application  of  either  too  little  or  too  much  nitrogen 
can  have  deleterious  effects. 

2.  The  exact  nature  of  the  interplay  of  different  ions  in  the  nutrition 
of  plants  is  still  comparatively  obscure.  Very  little  is  known  too 
about  the  mechanisms  in  the  plant  by  which  ionic  balances  are  maintained 

3.  Specific  ion  interactions  have  been  observed  by  different  investigators 
and  various  theories  have  been  advanced  in  attempts  to  elucidate  the 
underlying  mechanisms. 

4.  Many  soils  have  the  capacity  to  fix  relatively  large  amounts  of  ammonium 
nitrogen  as  well  as  potassium,  especially  in  their  subsurface  layers. 
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The  mechanism  of  fixation  is  believed  to  be  the  same  for  both  ions  and 
the  site  of  fixation  is  within  the  crystal  lattices  of  clay  minerals. 

5.  Two  types  of  NH^+  fixation  have  been  reported:  one,  which  occurs  under 
moist  conditions,  was  thought  to  be  due  chiefly  to  illite;  the  other, 
which  results  from  drying,  was  attributed  to  both  montmorillonite  and 
illite . 

6.  Recent  reports  have  indicated  the  occurrence  of  substantial  percentages 
of  indigenous  fixed  NH^+  in  many  soils.  This  suggests  that  in  certain 
cases  mineral  nitrogen  might  account  for  a  significant  portion  of  the 
total  soil  nitrogen  reservoir. 

7.  Investigators  have  reported  that  added  K  interferes  with  the  nitrification 
of  fixed  NH^+  in  clay  minerals  but  not  with  nitrification  of  NH^+  in  the 
form  of  an  ammonium  salt.  Several  mechanisms  have  been  proposed  to  explain 
the  exact  role  played  by  the  potassium  ion. 

8.  Despite  exhaustive  studies,  workers  are  still  searching  for  an  "ideal 
procedure"  for  estimating  the  nitrogen-supplying  power  of  soils.  The 
PAN  value  of  Purvis  and  Leo  appears  to  be  at  least  as  reliable  as  the 
standard  nitrate  nitrogen  test  as  an  index  of  nitrogen-supplying  power. 

9.  Jansson  in  long  term  pot  experiments  consistently  obtained  a  50  per 
cent  recovery  of  tagged  fertilizer  N  in  the  first  year  after  addition 
of  the  nitrogen.  In  all  subsequent  years,  the  per  cent  N  recovery 
approximated  1  per  cent. 

10.  The  use  of  as  an  isotopic  tracer  has  facilitated  the  differentiation 

of  added  N  from  native  soil  N.  This  has  made  possible  a  tracing  of  the 
transformations  which  N  undergoes  when  added  to  the  soil.  The  alliance 
of  isotopic  tracing  techniques  and  chemical  fractionation  procedures 
has  enabled  investigators  to  study  the  fate  of  added  N  in  soils  with 


greater  assurance. 
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11.  Added  N  does  not  become  uniformly  diluted  with  the  entire  soil  N 
reservoir.  There  appears  to  be  an  "active  fraction"  of  soil  nitrogen 
and  most  of  the  immobilized  nitrogen  eventually  enters  this  fraction. 

12.  Response  surfaces  have  become  an  important  tool  in  the  graphical  por¬ 
trayal  of  experimental  data  and  the  study  of  interaction  in  multi-factor 
experiments . 

In  view  of  these  findings  by  previous  investigators  and  the 
light  of  preliminary  investigations  conducted  by  the  author,  the  following 
hypotheses  were  set  up. 

1.  Native  K  as  well  as  applied  K  will  markedly  affect  the  uptake  of 
applied  N  by  plants. 

2.  Native  lime  and  added  lime  will  directly  or  indirectly  reduce  N  uptake 
by  plants . 

3.  Fluctuations  in  the  magnitude  of  the  "active  fraction"  of  soil  nitrogen 
will  be  reflected  in  the  relative  amounts  of  nitrogen  absorbed  by 


p  lants . 
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MATERIALS  AND  METHODS 

1.  SOILS  USED  IN  STUDY 

The  selected  soils  were  orthic  virgin  profiles  developed  on  the 
same  parent  material.  The  parent  material  was  largely  mixed  glacial  till 
and  the  areas  sampled  may  be  found  on  the  Wainwright  and  Vermilion  sheets 
(Wyatt  _et  al . ,  1944).  Table  1  gives  the  soil  types  used  in  the  study,  the 
soil  zones  to  which  they  belong,  and  the  legal  locations.  The  entire  profile 
of  each  soil  was  sampled,  sub-divisions  being  made  on  the  basis  of  major 
horizons.  The  profile  characteristics  of  the  soils  are  depicted  in  Plates 
1-3. 

Following  sampling,  the  soils  were  air-dried  rapidly  to  inhibit 
nitrification,  mixed  well  and  screened  through  a  2  mm.  sieve.  Approximately 
10  lb.  of  each  soil  were  taken  from  the  bulk  samples  for  laboratory  experi¬ 
ments.  The  remainder  was  set  aside  for  growth  chamber  and  greenhouse  studies. 
Prior  to  use  each  soil  sample  was  stored  in  polythene  bags  and  kept  in  a 
cool  dry  location. 


2.  GREENHOUSE  STUDIES 

A  technique  developed  by  Stanford  and  Dement  (1957)  for  the  study 
of  short  term  uptake  of  P  by  plants  was  adopted  with  certain  modifications. 
Essentially,  these  workers  grew  plants  in  sand  without  added  P  for  approxi¬ 
mately  17  days  during  which  time  a  mat  of  roots  developed  at  the  bottom  of 
the  waxed  cardboard  containers.  The  exposed  root  mat  with  plants  intact 

was  then  placed  in  contact  with  the  soil  or  soil-fertilizer  system.  The  use 
32 

of  P  as  an  isotopic  tracer  enabled  these  workers  to  detect  a  measurable 

uptake  of  phosphorus  during  a  time  span  as  short  as  seven  days.  The  great 
appeal  of  the  method  lay  in  the  fact  that  useful  information  was  obtained 


oi 


TABLE  1.  CLASSIFICATION  AND  LEGAL  LOCATIONS  OF  SOILS  UNDER  STUDY 
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Orthic  Brown 


Plate  1.  Morphological  Characteristics  of  Orthic  Brown  Soil  Profile 
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Plate  2.  Morphological  Characteristics  of  Orthic  (thin)  Black  Soil  Profile 
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Plate  3.  Morphological  Characteristics  of  Orthic  Grey  Wooded  Soil  Profile 
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without  the  necessity  of  resorting  to  conventional  pot  tests  which  require 
considerable  time.  Since  no  isotopic  tracer  was  used  in  the  present  study, 
a  longer  time  span  was  required  before  harvesting.  There  was  still  con¬ 
siderable  saving  in  terms  of  space  as  well  as  time  despite  the  modifications 
made. 

Round  waxed  cardboard  cartons  of  12-ounce  capacity  with  bottoms 
removed  were  nested  in  identical  containers  with  bottoms  intact  and  filled 
with  680  g.  of  washed  Ottawa  sand.  Gateway  barley  (Hordeum  vulgare)  was 
the  indicator  crop  used  and  ten  seeds  were  planted  in  each  pot  at  a  depth  of 
1/2  inch.  The  stand  was  later  thinned  to  8  plants  per  carton.  Prior  to 
planting,  the  barley  seeds  were  treated  with  ethyl-Hg-p- toluene  sulphonanilide 
(Ceresan)  at  the  rate  of  0.5  oz .  per  bushel  as  a  safeguard  against  root  rot. 

Fifty  ml.  of  a  modified  Hewitt's  solution  (Appendix  1)  were  added 
to  the  sand  in  each  carton.  In  addition  40  ml.  of  distilled  water  were  added 
thus  making  for  a  total  of  90  ml.  of  liquid  per  carton.  During  the  two  weeks 
following  seeding  each  pot  received  an  additional  50  ml.  of  the  modified 
Hewitt's  solution  in  order  to  promote  vigorous  seedling  growth.  On  an  acre 
basis  (assuming  2  million  pounds  per  acre  plough  depth)  the  100  ml.  of 
nutrient  solution  added  to  each  carton  provided: 

29  lb.  K 
78  lb.  P 
25  lb.  N 
8  lb.  Na 
23  lb.  Ca 
99  lb.  Mg 

Trace  amounts  of  Zn,  Fe,  B,  Cu,  and  Co. 

The  moisture  content  of  each  carton  was  adjusted  every  two  days  to 
a  predetermined  value  by  the  addition  of  distilled  water.  The  predetermined 
value  was  arrived  at  by  taking  the  sum  of  the  weights  of  the  cardboard  cartons, 
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the  680  g.  of  sand,  the  90  ml.  of  solution  initially  added,  and  the  barley 
seeds  . 

At  the  same  time  that  sand  was  put  in  the  cardboard  cartons,  200  g. 
of  soil  or  soil  plus  fertilizer  were  added  to  other  identical  cartons. 

During  the  time  that  the  barley  seedlings  were  allowed  to  grow  in  the  sand 
cultures,  these  soils  were  maintained  at  a  moisture  content  approximating 
1/3  atmosphere  percentage  by  bringing  the  cartons  up  to  weight  every  two  days. 
They  were  also  stored  in  the  same  greenhouse  or  growth  chamber  and  under  the 
same  environmental  conditions  as  the  sand  cultures.  It  should  be  pointed  out 
that  the  first  two  experiments  were  conducted  in  the  growth  chamber,  but  the 
third  was  done  in  the  greenhouse  when  the  environment  in  the  growth  chamber 
became  unsatisfactory  as  discussed  in  detail  later.  Illumination  in  the 
first  two  experiments  was  provided  by  a  bank  of  fluorescent  lamps  and  in  the 
third  experiment  by  a  series  of  200  watt  light  bulbs.  In  all  cases  the  plants 
were  illuminated  daily  for  16  hr.  In  order  to  induce  tiller ing'*’ the  following 
temperature  sequence  was  used: 

70°  F  for  7  days 
55°  F  for  13  days 
60°  F  for  14  days 

70°  F  for  the  remaining  time  span. 

The  temperature  of  the  growth  chamber  was  recorded  every  5  minutes  by  an 
automatic  recorder  which  indicated  an  average  temperature  variation  of  -2° 
from  the  set  value.  Temperature  control  was  not  as  good  in  the  greenhouse 
and  occasional  fluctuations  of  up  to  10°  above  the  set  value  were  observed. 

Relative  humidity  was  maintained  automatically  at  50  per  cent  in 
the  growth  chamber  but  there  was  no  control  in  the  greenhouse. 

After  17  days  the  mat  of  barley  roots  in  each  carton,  with  the 
plants  still  supported  by  sand,  was  placed  in  contact  with  the  soil  or  soil 
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plus  fertilizer  in  the  previously  prepared  cardboard  cartons. 

The  soils  used  in  the  growth  chamber  studies  were  the  A  and  C 
horizons  of  one  Maleb  profile  and  the  corresponding  horizons  of  one  Cooking 
Lake  profile. 

For  the  A  horizons  the  experimental  design  was  a  3  x  3  x  3  factorial 
replicated  twice.  The  design  used  for  the  C  horizons  was  a  3  x  3  factorial 
replicated  three  times.  The  nutrient  variables  in  the  first  case  were  nit¬ 
rogen  at  levels  of  0,  150,  and  300  lb./ac.,  K  at  levels  of  0,  150,  and  300 
lb./ac.,  and  lime  at  levels  of  0,  5,  and  10  tons  per  acre. 

The  levels  of  N  and  K  used  for  the  C  horizon  pots  were  the  same  as 
those  used  for  the  A  horizon  cartons.  No  lime  was  applied  to  these  cartons 
because  the  C  horizons  of  these  soils  were  already  endowed  with  an  indigenous 
excess  of  lime,  as  was  indicated  by  the  vigorous  effervescence  following  HC1 
treatment . 

The  choice  of  5  and  10  tons  as  the  lime  levels  in  the  A  horizons 
was  motivated  by  a  desire  to  provide  an  excess  with  the  highest  lime  rate. 

This  would  provide  a  comparison  with  the  excess  native  lime  in  the  C 
horizons . 

After  transfer  of  the  barley  seedlings  to  the  soil  cultures,  each 
carton  was  fitted  with  bamboo  stakes  and  "twist-em"  bands  to  support  the 
young  plants.  The  moisture  content  of  the  sand-soil  cultures  was  adjusted 
every  two  days  to  the  1/3  atmosphere  percentage  by  bringing  them  up  to  a 
predetermined  weight  with  distilled  water. 

The  cartons  were  rotated  twice  weekly  within  each  sub-block  in 
order  to  minimize  positional  effects.  Twice  during  the  growing  season  the 
plants  were  sprayed  with  liquid  Derris  of  concentration  150  ml./3  gal.  of 
water  for  the  control  of  aphids. 
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The  various  nitrogen  levels  were  applied  by  the  addition  of  the 
appropriate  aliquots  from  an  (NH^^SO^  solution  of  concentration  14.40  g./5 

liters.  Potassium  additions  were  similarly  made  by  taking  aliquots  from 
a  KC1  solution  of  concentration  4.76  g./5  liters.  Lime  was  applied  by  the 
direct  addition  of  the  requisite  weights  of  fine  CaCO^  to  each  pot. 

The  plants  were  harvested  at  the  same  stage  of  physiological 
development.  When  50  per  cent  of  the  plants  in  any  given  carton  had  reached 
the  early  boot  stage,  as  indicated  by  a  protrusion  of  the  awns,  the  entire 
set  of  eight  plants  in  that  carton  was  harvested.  This  was  done  by  clipping 
the  plants  off  at  the  sand  surface.  The  harvested  plant  tops  were  placed  in 
previously  weighed  paper  bags  and  dried  for  24  hr.  in  a  drying  oven  at  150°  F. 

Attempts  to  harvest  the  plant  roots  for  possible  determination  of 
root: top  ratios  were  abandoned  because  of  the  difficulty  of  separating  the 
roots  from  the  sand  without  significant  loss  of  fine  roots. 

3 .  LABORATORY  PROCEDURES 

1 .  Preparation  of  Plant  Material 

After  weighing  the  dried  plant  material  to  determine  dry  matter 
yields,  it  was  ground  to  a  size  of  20  mesh  in  a  Wiley  (intermediate  model) 
laboratory  grinding  mill  and  stored  in  labelled  glass  containers  until 
analyzed . 

2 .  Digestion  of  Plant  Material 

Approximately  0.5  g.  of  each  sample  was  digested  in  5  ml.  of 
boiling  concentrated  on  a  micro-Kjeldahl  digestion  unit  (Taras,  1958). 

The  catalyst  was  0.5  ml.  of  10  per  cent  HgSO^ ,  and  0.5  g.  of  Na2S0^  was  added 
to  the  digestion  mixture  to  increase  the  boiling  temperature  of  the  l^SO^.  Ten 
drops  of  a  30  per  cent  solution  of  H2O2  in  water  were  added  to  each  flask  at  the 
end  of  the  digestion  to  clarify  the  digest,  care  being  taken  to  cool  the 
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mixture  before  adding  the  peroxide  and  also  to  boil  off  the  excess  peroxide. 

The  F^SO^  digest  was  diluted  to  50  ml.  with  deionized  water  and  appropriate 
aliquots  used  for  the  determination  of  N,  K,  and  Ca. 

3 •  Nitrogen  Determination 

A  10  ml.  aliquot  of  the  digest  was  transferred  directly  to 

a  micro-Kj eldahl  distillation  unit,  which  had  been  previously  flushed  out 
with  steam  from  a  reservoir  of  boiling  demineralized  water.  Fifteen  ml.  of 
a  NaOH-Na2S202 ” 5H2O  solution  were  added  and  the  mixture  heated  with  steam 
from  the  aforementioned  reservoir  until  approximately  40  ml.  of  distillate 
had  collected  in  a  boric  acid  trap.  The  entire  distillation  unit  was  flushed 
out  with  demineralized  water  between  samples.  The  distillate  was  then  titrated 
to  a  grey-purple  end  point  with  standard  HC1  of  normality  0.02.  The  indicator 
used  was  a  2:1  mixture  of  methyl  red  and  methylene  blue  in  ethanol. 

4 .  Potassium  Determination 

For  potassium  determinations,  a  3  ml .  aliquot  of  the  original 
digest  was  diluted  to  25  ml.  with  demineralized  water.  A  10  ml.  aliquot  of 
this  diluted  digest  was  further  diluted  to  20  ml.  by  the  addition  of  10  ml. 
of  100  p.p.m.  LiNO^,  which  was  used  as  an  internal  standard.  The  K  content 
of  the  extract  was  then  found  by  analyzing  the  latter  extract  on  a  Baird 
Atomic  Flame  Photometer  and  comparing  the  values  with  a  predetermined  standard 
curve. 

5 .  Calcium  Determination 

The  calcium  content  of  the  extracts  was  determined  by  the  procedure 
outlined  by  Engelhardt  (1959).  A  10  ml.  aliquot  of  the  H2SO4  digest  was 
used.  To  this  was  added  in  turn  12  ml.  of  8N  KOH,  and  6  ml.  each  of  KCN  and 
NH^OH-HCl.  The  mixture  was  stirred  well  and  then  titrated  to  a  blue  end 
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point  with  0.01N  EDTA,  Cal-Red  being  used  as  the  indicator.  The  hydroxy- 
lamine  hydrochloride  was  used  to  reduce  any  Fe  and  Mn  present  to  the  divalent 
form.  The  interference  of  these  ions  in  the  titration  procedure  was  prevented 
by  the  formation  of  complexes  with  the  KCN. 

4.  STATISTICAL  ANALYSES 

The  data  for  yield  of  dry  matter  and  nutrients  were  programmed, 
and  statistical  analyses  were  carried  out  on  an  IBM  1620  computer. 

5.  FRACTIONATION  STUDIES 

The  procedure  followed  in  the  soil  fractionation  was  a  combination 
of  the  methods  used  by  Cheng  and  Kurtz  (1963)  and  by  Stewart  e_t  al .  (1963). 

The  soils  used  in  the  study  were  the  A  horizons  of  one  Maleb  profile  and 
one  Cooking  Lake  profile.  The  time  spans  selected  for  incubation  were  0, 

10,  20,  40,  and  80  days.  For  each  span  100  g.  of  each  soil  were  weighed  out 
in  triplicate.  The  moisture  content  of  the  samples  was  adjusted  to 
approximately  1/2  the  1/3  atmosphere  percentage  by  spraying  the  soil  with 
distilled  water  on  a  sheet  of  wax  paper.  The  samples  were  then  transferred 
to  labelled  wide-necked  Erlenmeyer  flasks  of  500  ml.  capacity,  which  had 
been  previously  weighed.  To  each  flask  excepting  those  at  zero  time  were 
added  10  ml.  of  an  N^H^NO^  solution  containing  2  mg.  N^  per  ml.  so  that 
20  mg.  of  N  were  added  per  100  g.  of  soil.  Preliminary  analyses  confirmed 

IS  4-  “ 

that  the  N  was  all  in  the  NH^  form  and  that  the  NO3  moiety  was  unlabelled. 
The  moisture  content  of  each  sample  was  then  adjusted  to  the  1/3  atmosphere 
percentage  by  bringing  the  flasks  up  to  a  predetermined  weight  with  distilled 
water.  Each  flask  was  then  filled  with  a  loose  cotton  plug  and  incubated 
in  an  oven  at  30°C  for  the  indicated  time  spans.  Every  two  days  the  moisture 
content  of  the  samples  was  readjusted  to  the  1/3  atmosphere  percentage  with 


distilled  water. 
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After  each  time  span  the  samples  were  air-dried  for  24  hr.  The 
exchangeable  NH^+  and  nitrates  were  removed  by  extraction  with  1  N  KCl  for 
1/2  hr.  The  extract  was  removed  by  filtration  under  suction.  The  residue 
was  predigested  with  12  N  HCl  for  50  hr.  and  following  this  the  acid  was 
diluted  to  6  N  with  distilled  water  and  the  flasks  were  placed  in  a  constant 
temperature  bath  at  95°C  for  15  hr.  The  HCl  extract  was  removed  by  fil¬ 
tration  under  suction,  and  the  residue  was  washed  twice  with  25  ml.  of  0.1  N 
HCl.  The  filtrate  was  diluted  to  250  ml.  and  the  residue  was  air-dried  for 
24  hr.  All  fractions  were  then  subjected  to  Kjeldahl  analysis  for  total 
organic  and  ammoniacal  nitrogen  in  accordance  with  the  A.O.A.C.  procedure 
(1955).  For  convenience  this  will  be  referred  to  as  total  nitrogen  through¬ 
out  the  rest  of  the  study.  To  each  flask  was  added  a  "Kel-Pak"  containing 
9.9  g.  K^SO^,  0.08  g.  CuSO^,  and  0.41  g.  HgO.  K^S  or  ^2820^  was  later 
added  in  the  NaOH  to  precipitate  the  Hg.  The  HCl  extract  was  further  sub¬ 
divided  into  distillable  acid  soluble  and  non-dis tillable  acid  soluble 
fractions  by  the  procedure  of  Stewart  e_t  al .  (1963).  Essentially,  a  100  ml. 
aliquot  of  the  extract  was  subjected  to  alkaline  distillation  to  determine 

1  * 

the  distillable  acid  soluble  fraction.  Considerable  foaming  was  encountered 
during  this  distillation  and  so  a  cube  of  paraffin  wax  was  added  to  each 
flask  as  a  foam  inhibitor  and  heating  was  conducted  very  slowly.  A  similar 
100  ml.  aliquot  was  subjected  to  normal  Kjeldahl  digestion  followed  by 
alkaline  distillation  in  order  to  determine  the  total  N  content  of  the 
extract.  The  difference  in  value  between  the  total  N  of  the  extract  and 
the  distillable  acid  soluble  N  gave  the  amount  of  non-dis tillable  acid 
soluble  nitrogen  present.  After  distillation  all  samples  were  titrated 
to  a  pale  amber  end  point  with  standard  0.1  N  ^SO^  as  the  titrant,  and  a 
5:3  Methyl  Red-Brom  Cresol  green  solution  as  the  indicator. 
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To  each  titrated  distillate  were  then  added  3  ml.  of  0.1  N  I^SO^ 
and  the  sample  was  evaporated  to  a  volume  of  approximately  10  ml.  on  a 
sand  bath.  The  concentrated  distillates  were  then  stoppered  and  stored  in 
the  dark  under  refrigerated  conditions  until  subsequent  conversion  to  N2 
gas  for  mass  spec trome trie  analysis. 

A  flow  chart  of  the  analytical  procedure  used  to  f rac tionate  soil 
N  is  presented  in  Fig.  1. 

6.  nh4+  RETENTION  STUDIES 

A  technique  used  by  Chao  _et  al .  (1960)  in  the  investigation  of 
sulphate  adsorption  in  soils  was  adopted  with  some  modifications.  Since 
the  labelled  N  added  was  all  in  the  form  of  NH4+  nitrogen  this  study  was 
essentially  a  comparison  of  the  relative  ability  of  the  soils  under  study 
to  retain  the  ammonium  ion.  The  A,  B,  and  C  horizons  of  each  of  two  soils, 
the  Maleb  and  Cooking  Lake,  were  used. 

Glass  tubing  segments  of  1.5  in.  diameter  and  1  and  2  in.  lengths 
were  connected  with  Wendar  contact  cement  and  electrical  tape.  The  top  of 
the  column  was  formed  by  6  one- inch  segments  and  the  lower  part  by  6  two- 
inch  segments.  The  entire  column  was  then  sprayed  with  plastic  spray 
paint  to  provide  a  water-tight  column.  The  lower  end  of  the  column  was 
stoppered  by  a  one-hole  #7  rubber  stopper  containing  a  piece  of  glass 
tubing  to  which  a  polythene  tube  was  attached  (Plate  4).  A  thin  pad  of  glass 
wool  was  put  on  top  of  the  rubber  stopper  to  prevent  soil  from  filling  the 
drainage  outlet.  The  tip  of  the  polythene  tube  was  inserted  into  the  mouth 
of  a  200  ml.  Erlenmeyer  flask,  which  was  then  sealed  with  a  cotton  plug  to 
reduce  loss  of  leachate  by  evaporation. 

The  samples  under  study  were  screened  through  a  2  mm.  mesh  screen 
and  sprayed  with  distilled  water  on  a  sheet  of  wax  paper  until  their  moisture 
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Plate  4.  Arrangement  of  Columns  for  NH^  Retention  Studies 
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*  Kjeldahl  digestion  +  Alkaline  distillation  with  40%  NaOH. 


FIGURE  1.  Analytical  procedure  for  fractionation  of  soil  N 
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content  was  approximately  1/2  the  1/3  atmosphere  percentage.  The  moistened 
soil  was  mixed  well  and  then  packed  in  the  columns  using  the  following 
technique:  small  quantities  of  each  soil  sample  were  introduced  to  the 

vertically  mounted  columns  by  way  of  a  large  polythene  funnel  with  a  poly¬ 
thene  pipe  attached.  The  funnel  was  rotated  slowly  while  the  soil  was  being 
added.  A  piece  of  rubber  tubing  was  used  to  gently  tap  the  side  of  the 
column  after  each  addition  and  the  soil  was  tamped  six  times  with  a  rubber 
stopper  attached  to  the  end  of  a  glass  rod.  The  operation  of  packing  was 
so  systematized  that  fairly  uniform  density  might  be  expected  throughout  the 
column.  Each  column  contained  soil  from  a  single  major  horizon  and  the 
columns  were  packed  in  duplicate.  Preliminary  work  on  duplicate  samples 
produced  results  which  were  in  close  agreement.  The  weight  of  soil  in  each 
column  was  recorded  for  use  in  later  calculations. 

Ten  ml.  of  an  Ha  NO  3  solution  containing  2  mg.  per  ml.  were 

added  to  the  top  of  each  column  and  the  soil  surface  was  covered  with  a 
disc  of  filter  paper.  Distilled  water  was  then  added  to  the  top  of  each 
column,  care  being  taken  to  maintain  a  one-inch  head  of  water  at  all  times. 

In  this  connection  a  one- inch  segment  of  glass  was  sealed  to  the  top  of 
each  column  in  the  manner  described  previously.  The  water  was  allowed  to 
leach  through  the  column  until  approximately  130  ml.  had  been  collected. 

After  collection  of  the  required  amount  of  leachate  the  top  of  each 
column  was  covered  with  a  piece  of  parafilm  and  the  column  allowed  to  drain 
for  at  least  24  hr.  The  segments  were  then  separated  by  the  application  of 
Wendar  adhesive  thinner  at  the  joints  and  the  soil  in  each  segment  was  air- 
dried  separately.  Kjeldahl  analyses  were  conducted  on  the  soil  in  each  segment 
and  the  distillates  were  prepared  for  N2  gas  conversion  in  the  manner 
previously  described. 
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7.  MASS  SPECTROMETRIC  ANALYSES 

1 .  Preparation  of  Hypobromite  (Rittenberg,  1946) 

Two  hundred  grams  of  NaOH  were  dissolved  in  300  ml.  of  distilled 
water.  To  half  this  solution,  cooled  in  an  ice  bath,  were  added  60  ml.  of 
bromine  with  vigorous  stirring  over  a  ten  minute  period.  The  remaining 
NaOH  solution  was  then  added  and  the  mixture  stored  in  a  refrigerator  for 
two  days.  The  copious  precipitate  of  NaBr  which  developed,  was  removed  by 
filtration  under  suction  and  0.1  per  cent  KI  was  added  to  the  filtrate  to 
prevent  catalytic  evolution  of  O2  from  the  NaOBr.  The  fresh  hypobromite  was 
then  stored  in  a  refrigerator.  Prior  to  use  the  hypobromite  was  diluted 
with  an  equal,  volume  of  distilled  water. 

2 .  Sample  Preparation 

The  conversion  of  the  Kjeldahl  distillates  to  N2  gas  was  conducted 
in  a  specially  designed  gas  converter.  Attempts  to  use  the  apparatus 
recommended  by  Rittenberg  (1948)  were  abandoned  because  of  the  difficulty 
in  preparing  reproducible  samples  of  the  desired  purity.  Despite  considerable 
time  spent  with  this  apparatus  and  exhaustive  manipulations,  many  of  the 
samples  were  found  to  be  significantly  high  in  oxygen  content.  This  tended 
to  invalidate  the  use  of  the  oxygen  peak  at  mass  32  to  correct  for  air 
contamination  of  the  samples. 

The  gas  converter  shown  in  Plate  5  is  a  refinement  of  the  original 
apparatus  of  Rittenberg  (1948).  It  possesses  the  superior  attributes  of 
being  able  to  produce  replicate  samples  from  the  same  preparation  as  well 
as  prepare  samples  of  predictable  purity.  Flask  A  is  the  reagent  flask 
and  initially  holds  the  NaOBr  reactant.  Flask  B  is  the  reaction  flask.  C 
is  an  ethanol-dry  ice  trap  designed  to  remove  ^0  vapour,  CO,  and  other 
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Plate  5.  N_  Gas  Converter 
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impurities.  I  is  a  tube  fitted  with  a  breakseal  and  this  tube  is  used  to 
collect  the  converted  N2  gas.  Part  F  of  the  apparatus  is  a  thermocouple 
vacuum  gauge  which  is  connected  to  a  voltmeter  galvanometer  complex  G 
powered  by  an  Eveready  dry  cell.  The  vacuum  gauge  and  the  two  meters  were 
calibrated  so  that  a  reading  of  20  on  the  galvanometer  corresponded  to  a 
vacuum  of  .10  ^  mm.  Hg  approximately. 

Two  procedures  were  followed  in  the  preparation  of  the  Kjeldahl 
distillates  for  gas  conversion.  In  the  first  the  samples  were  evaporated 
to  dryness  and  the  residue  dissolved  in  3  ml.  of  hot  deionized  water.  In 
the  second  procedure  the  distillates  were  merely  concentrated  to  a  volume 
of  3-4  ml.  instead  of  being  taken  to  dryness.  In  both  cases,  the  concentrated 
sample  was  boiled  vigorously  to  expel  dissolved  air  and  introduced  into  the 
reaction  flask  with  a  polythene  eye-dropper  while  still  hot.  Five  ml.  of 
diluted  hypobromite  were  added  to  flask  A,  the  sample  tube  was  fitted  as 
shown  and  the  entire  system  made  airtight  by  the  use  of  Apiezon  (N)  high 
vacuum  grease  at  the  joints.  The  unit  was  evacuated  with  the  Duo-seal 
vacuum  pump  J,  and  as  the  pressure  fell  the  liquid  in  the  reaction  flask 
invariably  boiled  and  then  froze,  while  the  NaOBr  reagent  in  flask  A  began 
to  degas.  Evacuation  was  continued  until  a  steady  reading  of  20  or  greater 
was  indicated  on  the  galvanometer  with  stopcock  E  shut  off.  At  this  time, 
stopcock  D  was  shut  off  and  flask  A  rotated  in  order  to  introduce  the  NaOBr 
into  the  reaction  flask.  The  mixture  was  warmed  gently  to  melt  the  frozen 
distillate,  and  the  reaction  was  assumed  to  be  complete  when  the  evolution 
of  bubbles  had  ceased.  With  stopcock  E  to  the  pump  shut-off,  stopcock  D 
was  now  reopened  and  the  N2  gas  allowed  to  fill  the  entire  system.  After  a 
time  span  of  approximately  one  minute  stopcocks  D  and  H  were  shut  off,  the 
sample  tube  was  removed  and  the  collected  gas  sealed  off  above  stopcock  H 
with  an  oxy-natural  gas  flame.  The  presence  of  stopcocks  D  and  H  facilitated 
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the  collection  of  duplicate  samples  from  the  same  preparation. 

Two  mass  spectrometers  were  used  to  analyze  the  nitrogen  samples. 

One  instrument  was  a  6- inch  radius  60°  Magnetic  Analyzer,  and  was  a 
single  collector  single  inlet  type.  The  second  instrument  was  a  12-inch  radius 
90°  Magnetic  Analyzer  capable  of  simultaneous  collection  of  masses  28  and  29. 
Most  of  the  analyses  were  done  by  single  collection  and  the  various  peaks 
were  traced  automatically  on  a  recorder  chart. 

In  simultaneous  collection,  the  current  corresponding  to  mass  28 
passed  through  a  calibrated  voltage  divider  and  a  known  fraction  was  fed 
inversely  to  cancel  the  current  corresponding  to  mass  29.  This  null  or 
balance  point  was  detected  on  the  recorder  and  the  "fed-backM  fraction 
was  read  from  the  voltage  divider  dial.  A  magnetic  valve  system  rapidly 
introduced  the  unknown  sample  and  a  standard  alternately  into  the  mass 
spectrometer.  This  second  instrument  was  also  fitted  with  mercury  reservoirs, 
which  allowed  the  adjustment  of  the  peak  heights  to  a  fairly  constant  value. 
With  such  a  system,  a  precision  of  1  part  in  10,000  in  isotope  ratio  dif¬ 
ferences  between  samples  is  possible. 

Precision  on  single  collection  was  improved  by  digitizing  the 
ion  current  signals  with  a  5  place  integrating  digital  voltmeter.  This 
eliminates  errors  in  the  measurement  of  peaks  on  the  chart  paper.  Numbers 
corresponding  to  the  signal  were  printed  with  a  digital  recorder.  Deter¬ 
mination  of  duplicate  samples  on  each  instrument  after  suitable  calibration 
produced  results  which  agreed  quite  closely. 
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RESULTS  AND  DISCUSSION 

1.  GREENHOUSE  STUDIES 

Table  2  contains  various  physical  and  chemical  data  of  the  soils 
under  study.  It  will  be  noted  that  the  level  of  available  nitrogen  was  low 
in  all  the  soils  with  the  exception  of  Maleb  2  indicating  that  nitrification 
had  been  effectively  arrested  by  air-drying  the  samples  prior  to  storage. 

The  conductivity  values  were  all  less  than  2  millimhos /cm. ,  which  suggests 
that  there  was  no  serious  salt  problem  in  any  of  the  soils. 

The  soil  reaction  of  the  various  A  horizons,  with  the  exception 
of  one  Maleb  profile,  ranged  from  6.3  -  6.8.  Corresponding  values  for  the 
C  horizons  ranged  from  7.5  for  one  Cooking  Lake  soil  to  8.2  for  the  first 
Maleb  profile.  It  will  be  further  observed  that  there  was  an  indigenous 
excess  of  free  lime  in  all  the  C  horizons  with  the  Cooking  Lake  C  horizons 
being  in  general  high  in  free  lime  and  the  Maleb  and  Elnora  analogues  being 
very  high.  There  was  a  marked  difference  between  the  three  soil  types  from 
the  standpoint  of  depth  to  the  C  horizon.  Whereas  the  average  depth  in 
the  Maleb  was  14  inches,  that  in  the  Elnora  was  20  inches  and  that  in  the 
Cooking  Lake  was  over  40  inches.  Perhaps  the  most  noteworthy  feature  of 
Table  2,  however,  is  the  wide  range  of  K  values  in  the  soils  under  study. 
These  values  ranged  from  the  relatively  low  value  of  66  lb./ac.  for  the  A 
horizon  of  one  Cooking  Lake  profile  through  the  intermediate  K  values  of 
the  Elnora  soils  to  the  high  value  of  452  lb./ac.  found  in  the  A  horizon  of 
one  Maleb  profile.  This  was  considered  to  be  a  significant  factor  in  view 
of  the  desire  to  study  the  effect  of  potassium  on  nitrogen  uptake  in  these 
soils . 

Since  the  Maleb  and  Elnora  soils  were  very  similar  with  respect 
to  the  parameters  under  study,  and  since  they  were  also  quite  different  from 
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TABLE  2.  CHARACTERIZATION  OF  SOILS  UNDER  STUDY* 


Samples 

Depth 
(in. ) 

Available  Nutrients 

p.p.  2  m .,** 

N  P  K 

PH 

Conduc  tivity 
millimhos /cm. 

p .p .m. 

so4= 

Free 

Lime 

Maleb  1A 

0-  4 

18 

42 

452 

6.7 

0.6 

-- 

-- 

Maleb  IB 

4-12 

11 

10 

236 

7.1 

0.5 

-- 

— 

Maleb  IC 

12-26 

T 

— 

230 

8.2 

0.5 

-- 

Very 

High 

Maleb  2A 

0-  5 

38 

28 

374 

6.8 

0.6 

— 

-- 

Maleb  2B 

5-17 

— 

23 

228 

7.4 

0.5 

-- 

-- 

Maleb  2C 

17-28 

T 

264 

8.1 

0.4 

-  - 

Very 

High 

Maleb  3A 

0-  3 

16 

13 

188 

7.7 

0.5 

-- 

-- 

Maleb  3B 

3-13 

2 

9 

138 

7.1 

0.5 

-- 

Maleb  3C 

13-28 

9 

16 

200 

8.0 

1.5 

150 

Very 

High 

Elnora  1A 

0-  5 

16 

18 

372 

6.7 

0.3 

— 

Elnora  IB 

5-19 

T 

14 

114 

6 . 4 

0.2 

-- 

-- 

Elnora  1C 

>  24 

— 

-- 

148 

8.2 

0.7 

—  - 

Very 

High 

Elnora  2A 

0-  6 

13 

25 

318 

6.4 

0.4 

— 

Elnora  2B 

6-20 

4 

5 

172 

6.1 

0.4 

-- 

— 

Elnora  2C 

20-32 

T 

3 

252 

8.0 

0.5 

-  - 

Very 

High 

Elnora  3A 

0-  5 

18 

14 

188 

6.7 

0.4 

-- 

— 

Elnora  3B 

5-20 

— 

T 

196 

7.6 

0.5 

-- 

High 

Elnora  3C 

20-32 

— 

-- 

186 

8.2 

0.7 

— 

Very 

High 

(Continued) 
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TABLE  2.  (Continued) 


Depth 
(in. ) 

Available  Nutrients 
PtP»  2  m.* ** 

Conductivity 
mi llimhos /cm. 

Free 

Lime 

Samples 

N 

P 

K 

pH 

so4 

Cooking 
Lake  1A 

0-  8 

T 

8 

88 

6.5 

0.4 

Cooking 
Lake  IB 

10-32 

-  - 

18 

54 

5.5 

0.2 

— 

— 

Cooking 
Lake  1C 

40-50 

-- 

— 

54 

7.5 

0.4 

— 

Low 

Cooking 
Lake  2A 

0-  7 

16 

50 

138 

6.5 

0.5 

.. 

.. 

Cooking 
Lake  2B 

7-42 

-  - 

— 

82 

6.2 

0.3 

-- 

-- 

Cooking 
Lake  2C 

50-60 

-- 

106 

7.7 

0.4 

-- 

High 

Cooking 
Lake  3A 

0-  6 

T 

10 

66 

6.3 

0.2 

Cooking 
Lake  3B 

6-32 

T 

-  - 

58 

6 . 6 

0.3 

— 

— 

Cooking 
Lake  3C 

36-48 

2 

T 

62 

7.7 

0.4 

-- 

High 

*  Data  provided  by  the  Agricultural  Soil  and  Feed  Testing  Laboratory. 

**  Parts  per  2  million. 
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the  Cooking  Lake  profiles,  it  was  decided  that  the  remainder  of  the 
investigation  would  be  conducted  on  Maleb  and  Cooking  Lake  profiles  only. 
Consequently,  with  the  exception  of  mechanical  analyses  (Appendix  2) 
conducted  for  the  purpose  of  comparison,  no  further  studies  were  carried 
out  on  the  Elnora  profiles. 

1 „  A  Horizons  for  Maleb  and  Cooking  Lake 

(a)  Dry  matter  yields 

Table  3  contains  a  summary  of  the  yield  of  dry  matter  for  barley 
(Hordeum  vulgare)  grown  in  soil  from  the  A  horizons  of  Maleb  (Profile  1) 
and  Cooking  Lake  (Profile  1)  as  a  function  of  applied  N,  K,  and  lime.  The 
variety  used  was  Gateway.  It  might  be  mentioned  that  an  earlier  growth 
chamber  experiment  of  essentially  the  same  nature  but  with  Olli  barley  as 
the  indicator  crop  had  been  conducted.  The  young  seedlings,  however,  were 
lacking  in  vigor,  tended  to  be  chlorotic,  and  produced  a  very  poor  yield  of 
dry  matter.  In  an  effort  to  produce  more  vigorous  vegetative  growth  and 
also  to  provide  enough  plant  material  for  chemical  analysis,  the  Olli  barley 
was  replaced  by  the  Gateway  variety  and  the  number  of  seeds  per  pot  was 
increased  from  six  to  eight.  There  was  one  other  factor  which  made  it 
necessary  for  the  first  experiment  to  be  repeated.  Approximately  three 
weeks  after  seeding,  the  tops  of  nearly  all  the  seedlings  displayed  symptoms 
of  leaf  injury  from  an  undetermined  source.  The  plant  roots  all  appeared  to 
be  healthy,  but  the  condition  of  the  tops  varied  from  mild  chlorosis  and 
chlorophyll  breakdown  to  acute  necrosis  of  the  tips.  The  plants  were  also 
stunted  and  generally  unthrifty.  Despite  exhaustive  examination  by  the 
Plant  Pathologists  no  plant  disease  could  be  detected.  The  fact  that  check 
plants  as  well  as  treated  ones  were  affected  in  like  fashion,  ruled  out  the 
possibility  of  toxicity  in  the  nutrient  solution.  The  most  plausible 
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TABLE  3.  YIELD  OF  DRY  MATTER  (g.)  ON  MALEB  AND  COOKING  LAKE  A  HORIZONS 

AS  A  FUNCTION  OF  APPLIED  N,  K,  AND  LIME 
(Average  of  2  Replications) 


N  (  lb .  /ac  .  ) 

K  (lb. 

Lime  (T. 

/ac . ) 

/ac.)  0 

Av . 

5 

Av . 

10 

Av . 

Maleb  A  Horizon 

(Profile  1) 

0 

0 

0.87 

0.74 

0.68 

0 

150 

0.86 

0.84 

0.78 

0.80 

0.69 

0.71 

0 

300 

0.78 

0.88 

0.77 

150 

0 

0.86 

1.02 

0.86 

150 

150 

1.02 

0.96 

0.83 

0.92 

0.78 

0.85 

150 

300 

1.00 

0.90 

0.90 

300 

0 

0.98 

1.04 

0.80 

300 

150 

1.32 

1.18 

0.96 

1.02 

0.88 

0.88 

300 

300 

1.24 

1.05 

0.96 

Cooking  Lake 

A  Horizon  (Profile 

il 

0 

0 

0.48 

0.63 

0.62 

0 

150 

0.46 

0.49 

0.64 

0.58 

0.74 

0.64 

0 

300 

0.54 

0.47 

0.55 

150 

0 

0.56 

0.68 

0.64 

150 

150 

0.67 

0.60 

0.46 

0.58 

0.70 

0.71 

150 

300 

0.57 

0.60 

0.80 

300 

0 

0.42 

0.56 

0.51 

300 

150 

0.44 

0.45 

0.48 

0.55 

0.62 

0.60 

300 

300 

0.50 

0.61 

0.66 

.. 
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explanation  is  that  the  plants  were  damaged  by  gases  detected  leaking  from 
the  sewer  outlet  in  the  floor  of  the  chamber  owing  to  a  defect  in  the 
exhaust  system.  In  order  to  eliminate  this  factor,  the  experiment  was 
repeated  in  another  growth  chamber. 

Despite  the  precautions  taken,  however,  the  overall  yield  of  dry- 
matter  was  lower  on  both  soils  than  desired  and  micro- techniques  had  to  be 
employed  in  order  to  obtain  chemical  analyses  on  each  sample.  It  seemed 
interesting  to  the  author  that  the  plants  growing  on  the  Maleb  soil  were, 
almost  without  exception,  greener,  taller,  and  more  vigorous  than  the 
corresponding  Cooking  Lake  analogues.  This  difference  in  growth  response  is 
indicated  by  the  values  shown  in  Table  3  and  portrayed  even  more  vividly  in 
Plate  6. 

As  mentioned  earlier  the  plants  were  all  harvested  at  the  same 
stage  of  physiological  development,  namely  the  early  boot  stage.  Owing  to 
the  differences  in  the  nutrient  combinations  applied  to  each  culture,  there 
were  differences  in  the  time  span  required  for  the  plants  to  mature  to  the 
early  boot  stage.  Nevertheless,  all  plants  were  harvested  within  a  period 
of  five  days  and  in  general  the  plants  on  the  Maleb  soil  reached  the  early 
boot  stage  at  a  later  date  than  the  Cooking  Lake  analogues.  Since  the  Cooking 
Lake  A  cultures  were  also  generally  lower  in  their  yield  of  dry  matter  as  well 
as  their  yield  of  N,  it  is  believed  that  some  factor,  possibly  nutrient  inter¬ 
action,  imposed  a  stress  on  N  uptake,  and  consequently  reduced  vegetative 
growth  on  this  soil.  This  probably  explains  the  earlier  maturity  observed. 

The  belief  that  nutrient  interaction  was  indirectly  responsible  for  the 
earlier  maturity  of  the  Cooking  Lake  A  cultures  receives  added  support  when 
one  considers  the  lime  treatments  on  the  Cooking  Lake  soil.  It  will  be  shown 
later  (Table  5)  that  lime  had  a  beneficial  effect  on  growth  on  the  Cooking 
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Plate  6 


Difference  in  Growth  of  Barley  on  Maleb  and  Cooking  Lake  Soils. 
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Lake  soil.  It  was  not  surprising  therefore  that  the  Cooking  Lake  A  cultures 
treated  with  medium  to  high  levels  of  lime  reached  the  early  boot  stage  of 
physiological  development  at  approximately  the  same  time  as  did  the  majority 
of  the  Maleb  cultures.  There  was  very  little  difference  in  the  time 
required  for  maturity  between  the  cultures  on  the  Maleb  and  Cooking  Lake 
C  horizons,  both  of  which  had  an  indigenous  excess  of  free  lime. 

Table  4  contains  the  statistical  analysis  of  the  data  presented 
in  Table  3.  There  was  no  significant  difference  between  replicates, 
indicating  that  the  environmental  conditions  in  the  chamber  were  fairly 
uniform  throughout  the  duration  of  the  experiment.  As  expected  from  Table  3 
and  Plate  6,  the  difference  in  growth  and  yield  of  dry  matter  on  the  two 
soils  was  significant  at  the  1  per  cent  level.  The  main  effect  of  applied 
N  was  significant  at  the  1  per  cent  level  but  applied  K  and  lime  did  not 
appear  to  affect  the  yield  of  dry  matter  to  any  significant  degree  when  the 
data  for  the  two  soils  were  bulked  for  analysis.  The  analysis  of  variance 
also  revealed  highly  significant  N  x  soil  and  lime  x  soil  interactions  with 
respect  to  dry  matter  yields. 

It  will  be  noted  that  Table  4  provides  no  information  on  the  effect 
of  each  factor  on  the  individual  soils.  In  order  to  facilitate  a  closer 
study  of  these  effects  an  analysis  of  variance  was  conducted  for  the  yield 
of  dry  matter  on  each  soil.  The  results  are  presented  in  Table  5.  It  can 
be  seen  from  this  table  that  there  was  no  significant  difference  between 
replicates  on  either  soil.  It  is  evident  also  from  Table  5  that  the  highly 
significant  main  effect  of  N  observed  in  Table  4  is  almost  entirely  accounted 
for  by  the  strong  positive  yield  response  to  N  on  the  Maleb  soil.  The  main 
effect  of  N  on  the  Cooking  Lake  soil  was  just  below  the  significance  value 
at  the  5  per  cent  level.  One  surprising  fact  revealed  by  the  individual 
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TABLE  4.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  DRY  MATTER  ON  MALEB 

AND  COOKING  LAKE  A  HORIZONS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Replicates 

1 

0.016 

0.016 

0.826 

N 

2 

0.230 

0.115 

5.887** 

K 

2 

0.037 

0.018 

0.944 

Lime 

2 

0.011 

0.006 

0.284 

Soil 

1 

2.920 

2.920 

149.486** 

N  x  K 

4 

0.069 

0.017 

0.881 

N  x  Lime 

4 

0.038 

0.009 

0.485 

K  x  Lime 

4 

0.122 

0.030 

1.560 

N  x  Soil 

2 

0.381 

0.190 

9.749** 

K  x  Soil 

2 

0.009 

0.005 

0.235 

Lime  x  Soil 

2 

0.433 

0.216 

11.074** 

N  x  K  x  Lime 

8 

0.092 

0.012 

0.592 

N  x  K  x  Soil 

4 

0.032 

0.008 

0.403 

N  x  Lime  x  Soil 

4 

0.053 

0.013 

0.680 

K  x  Lime  x  Soil 

4 

0.042 

0.010 

0.538 

N  x  K  x  Lime  x  Soil 

8 

0.093 

0.012 

0.596 

Error 

53 

1.035 

0.020 

Total 

107 

5.615 

**  Denotes  significance  at  the  1%  level 
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TABLE  5.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  DRY  MATTER  ON 

THE  INDIVIDUAL  SOILS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Maleb  A  Horizon  (Profile  1) 

Replicates 

1 

0.057 

0.057 

3.167 

N 

2 

0.528 

0.264 

14.569** 

K 

2 

0.041 

0.021 

1.143 

Lime 

2 

0.290 

0.145 

8.008** 

N  x  K 

4 

0.040 

0.010 

0.552 

N  x  Lime 

4 

0.067 

0.017 

0.921 

K  x  Lime 

4 

0.098 

0.024 

1.353 

N  x  K  x  Lime 

8 

0.095 

0.012 

0.654 

Error 

26 

0.471 

0.018 

Total 

53 

1.688 

Cooking  Lake  A 

Horizon  (Profile  I) 

Replicates 

1 

0.018 

0.018 

1.354 

N 

2 

0.083 

0.041 

3.104 

K 

2 

0.005 

0.002 

0.176 

Lime 

2 

0.153 

0.077 

5.748** 

N  x  K 

4 

0.060 

0.015 

1.131 

N  x  Lime 

4 

0.024 

0.006 

0.456 

K  x  Lime 

4 

0.066 

0.016 

1.235 

N  x  K  x  Lime 

8 

0.091 

0.011 

0.853 

Error 

26 

0.347 

0.013 

Total 

53 

1.006 

. 
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analyses  of  variance  was  the  highly  significant  main  effect  of  lime,  on  both 
soils.  This  effect  was  not  indicated  by  the  gross  analysis  in  Table  4  although 
there  was  evidence  of  a  highly  significant  lime  x  soil  interaction. 

(b)  Nitrogen  yields 

Table  6  contains  the  yields  of  nitrogen  for  the  combinations  of 
N,  K,  and  lime  applied  to  Maleb  and  Cooking  Lake  A  horizons.  The  reporting 
of  the  data  as  yield  of  N  in  preference  to  per  cent  N  or  p.p.m.  was  motivated 
by  a  desire  to  minimize  dilution  effects,  which  often  arise  when  yields  are 
markedly  different.  It  will  be  noted  that  with  only  one  exception  the  yields 
of  nitrogen  on  the  Maleb  soil  were  higher  than  the  corresponding  values  on 
the  Cooking  Lake  soil.  There  was  a  general  increase  in  yield  of  nitrogen  on 
both  soils  as  the  level,  of  applied  nitrogen  was  increased.  Conversely, 
there  was  a  decrease  in  yield  of  nitrogen  on  the  Maleb  soil  as  the  level  of 
applied  lime  was  increased.  On  the  Cooking  Lake  soil,  lime  had  a  peculiar 
effect  on  N  levels.  The  N  percentages  (not  shown)  were  decreased  drastically 
by  the  5  T./ac.  application  of  lime  at  all  three  levels  of  N.  The  percentages 
of  N  were  higher  for  the  10  T./ac.  rate  than  for  the  5  T./ac.  but  still 
substantially  lower  than  for  the  zero  level  of  lime.  An  explanation  cannot 
be  given  for  the  peculiar  pattern  but  the  need  for  more  study  is  indicated. 
These  percentages  are  reflected  in  the  nitrogen  yields  (Table  6). 

The  analysis  of  variance  for  the  data  in  Table  6  is  reported  in 
Table  7.  The  replicates  were  not  significantly  different  from  each  other, 
which  again  suggests  fairly  uniform  environmental  conditions  throughout  the 
growth  chamber.  Applied  N  had  a  highly  significant  main  effect  on  the  yield 
of  N,  and  this  effect  appeared  to  be  more  marked  on  the  Maleb  soil  than  on 
the  Cooking  Lake  soil.  Applied  lime,  too,  had  a  marked  effect  on  yield  of  N 
but  the  effect  of  applied  K  was  not  significant  on  these  soils.  As  indicated 
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TABLE  6.  YIELDS  OF  NITROGEN  (mg. /pot)  FOR  SPECIFIED  NUTRIENT  COMBINATIONS 

APPLIED  TO  MALEB  AND  COOKING  LAKE  A  HORIZONS 
(Average  of  2  Replications) 


N  (lb./ac.) 

K  (lb./ac.) 

Lime  (T. /ac . ) 

0 

Av . 

5  Av . 

10 

Av . 

Maleb  A 

Horizon 

(Profile  1) 

0 

0 

14.08 

11.96 

11.54 

0 

150 

14.60 

13.93 

13.52  12.79 

10.16 

11.36 

0 

300 

13.12 

12.88 

12.39- 

150 

0 

17.34 

17.98 

14.52 

150 

150 

21.26 

19.18 

13.70  15.88 

14.40 

14.79 

150 

300 

18.95 

15.96 

15.46 

300 

0 

23.01 

20.22 

16.68 

300 

150 

27.06 

25.54 

19.53  20.11 

18.12 

17.38 

300 

300 

26.55 

20.58 

17.33 

Cooking  Lake  A  Horizon  (Profile  1) 


0 

0 

8.53 

8.99 

10.  12 

0 

150 

7.73 

8.75 

10.08 

8.80 

13.59 

0 

300 

9.98 

7.32 

8.45 

150 

0 

11.51 

11.82 

13.26 

150 

150 

14.64 

12.71 

6.64 

9.53 

10.96 

150 

300 

12.00 

10.12 

13.62 

300 

0 

10.68 

10.00 

9.86 

300 

150 

11.51 

12.02 

8.34 

9.52 

9.86 

300 

300 

13.86 

10.23 

10.29 

10.00 


. 
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TABLE  7.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  NITROGEN  ON  MALEB 

AND  COOKING  LAKE  A  HORIZONS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Replicates 

1 

1.123 

1.123 

0.150 

N 

2 

410.471 

205.235 

27.435** 

K 

2 

2.728 

1.364 

0.182 

Lime 

2 

157.830 

78.915 

10.549** 

Soil 

1 

1,056.188 

1,056. 188 

141.189** 

N  x  K 

4 

19.603 

4.901 

0.655 

N  x  Lime 

4 

81.817 

20.454 

2.734* 

K  x  Lime 

4 

37.200 

9.300 

1.243 

N  x  Soil 

2 

256.113 

128.056 

17.118** 

K  x  Soil 

2 

2.513 

1.256 

0.167 

Lime  x  Soil 

2 

119.198 

59.599 

7.967** 

N  x  K  x  Lime 

8 

60.569 

7.571 

1.012 

N  x  K  x  Soil 

4 

11.893 

2.973 

0.397 

N  x  Lime  x  Soil 

4 

6.609 

1.652 

0.220 

K  x  Lime  x  Soil 

4 

10.044 

2.511 

0.335 

N  x  K  x  Lime  x  Soil 

8 

26.558 

3.320 

0.443 

Error 

53 

396.475 

7.481 

Total 

107 

2,656.932 

*  Denotes  significance  at  the  57>  level. 

**  Denotes  significance  at  the  YL  level. 
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in  Table  6  the  two  soils  were  quite  different  with  respect  to  the  yield  of 
N  by  the  indicator  crop.  Table  7  reveals  that  the  difference  between  soils 
was  significant  at  the  1  per  cent  level.  The  N  x  lime  interaction  was 
significant  at  the  5  per  cent  level,  and  there  were  marked  N  x  soil  and 
lime  x  soil  interactions  significant  at  the  1  per  cent  level.  There  were 
no  significant  interactions  involving  K  and  the  effect  of  multiple  inter- 
actions  involving  three  or  more  of  the  factors  under  study  appeared  to  be 
quite  small. 

Table  8  contains  the  analysis  of  variance  for  yield  of  N  on  the 
individual  soils.  There  was  a  significant  difference  between  replicates 
on  the  Maleb  soil  but  not  on  the  Cooking  Lake  soil.  The  highly  significant 
main  effects  of  N  and  lime  reported  in  Table  7  appear  to  be  mainly  due  to 
the  strong  influence  of  these  factors  on  the  Maleb  soil.  Table  8  indicates 
that  there  were  no  significant  main  effects  or  interactions  operative  on 
the  Cooking  Lake  soil  although  the  F  values  for  N  and  lime  main  effects 
were  fairly  close  to  significance  at  the  5  per  cent  level. 

In  order  to  facilitate  a  closer  scrutiny  of  the  various  interactions 
affecting  the  yield  of  N,  the  data  in  Table  6  were  portrayed  as  response 
surfaces.  These  geometrical  models  are  presented  in  Fig.  2  and  3.  It  will 
be  recalled  from  Tables  7  and  8  that  K,  at  the  three  levels  did  not  have 
a  significant  effect  on  the  yield  of  N.  For  simplicity,  therefore,  the 
three  levels  of  K  were  averaged  for  each  level  of  N  and  each  level  of  lime 
and  these  are  depicted  in  Fig.  2  and  3. 

Fig.  2  relates  the  yield  of  N  to  applied  N  and  lime  on  the  Maleb 
A  horizon  (Profile  1).  The  yield  of  N  at  the  zero  level  of  N  is  represented 
by  the  edge  of  the  surface  directly  above  the  lime  axis.  It  will  be  noted 

that  as  the  level  of  lime  increases  the  yield  of  N  decreases.  The  rate  of 
decrease  at  this  zero  level  of  N  was  fairly  uniform  throughout  as  indicated 
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TABLE  8.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  N  ON 

THE  INDIVIDUAL  SOILS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Maleb  A  Horizon  (Profile  1) 

Replicates 

1 

41.134 

41.134 

7.482* 

N 

2 

623.069 

311.535 

56.659** 

K 

2 

4.522 

2.261 

0.411 

Lime 

2 

235.792 

117.896 

21.442** 

N  x  K 

4 

5.816 

1.454 

0.264 

N  x  Lime 

4 

53.981 

13.495 

2.454 

K  x  Lime 

4 

26.583 

6.646 

1.209 

N  x  K  x  Lime 

8 

30.839 

3.855 

0.701 

Error 

26 

142.958 

5.498 

Total 

53 

1,164.694 

Cooking  Lake 

A  Horizon  (Profile  1) 

Replicates 

I 

24.147 

24.147 

3.315 

N 

2 

43.517 

21.758 

2.987 

K 

2 

0.721 

0.361 

0.050 

Lime 

2 

41.238 

20.619 

2.831 

N  x  K 

4 

25.681 

6.420 

0.881 

N  x  Lime 

4 

34.448 

8.612 

1.182 

K  x  Lime 

4 

20.664 

5.166 

0.709 

N  x  K  x  Lime 

8 

56.284 

7.036 

0.966 

Error 

26 

189.372 

7.284 

Total 

53 

436.073 

YIELD  OF  N  (mg.) 
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Figure  2.  Yield  of  N  as  a  function  of  applied  N  and  lime  on  Maleb  A  horizon 
(Profile  1)  (Av.  of  3  levels  of  K). 
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Figure  3.  Yield  of  N  as  a  function  of  applied  N  and  lime  on  Cooking  Lake 
A  horizon  (Profile  1)  (Av.  of  3  levels  of  K). 
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by  the  fact  that  the  surface  edge  directly  above  the  lime  axis  is  very 
nearly  linear.  A  second  line  over  the  surface  and  parallel  to  the  lime 
axis  depicts  the  N  response  to  lime  at  the  150  lb./ac.  level  of  N. 

Increases  in  the  level  of  lime  again  had  a  depressive  effect  on  N  uptake 
but  in  this  case  the  effect  was  not  uniform  throughout.  An  increase  in 
lime  from  zero  to  5  T./ac.  was  accompanied  by  a  sharp  decrease  in  N  uptake. 

As  the  lime  rate  increased  to  10  T./ac.,  there  was  a  further  decrease  in  N 
uptake  but  at  a  decreasing  rate  as  indicated  by  the  change  in  slope  of  the 
ligand o  At  the  300  lb./ac.  level  of  N  the  situation  was  quite  similar  to 
that  at  the  150  lb./ac.  level.  It  is  evident  that  the  inhibitory  effect 
of  lime  on  N  uptake  was  greatest  at  the  10  T./ac.  lime  level. 

Ligands  directly  above  and  parallel  to  the  N  axis  show  that  at 
the  three  levels  of  lime  an  increase  in  N  application  resulted  in  an  increase 
in  N  uptake.  The  ligands  are  all  curvilinear  in  form  but  differ  in  slope 
which  suggests  that  at  each  level  of  lime  there  was  a  definite  N  x  lime 
interaction  affecting  the  uptake  of  N.  A  comparison  of  the  surface  edges 
at  the  zero  and  10  T./ac.  levels  of  lime  reveals  that  the  slope  of  the  two 
edges  is  quite  different. 

The  situation  was  quite  different  on  the  Cooking  Lake  soil  as 

can  be  seen  in  Fig.  3.  The  surface  edge  directly  above  the  lime  axis 

represents  the  yield  of  N  at  the  zero  level  of  N.  Increased  lime  application 

resulted  in  increased  N  uptake.  Presumably,  the  lime  application  corrected 

an  existing  nutrient  imbalance,  which  resulted  in  increased  plant  growth 

(Table  3)  and  an  increase  in  N  uptake.  The  situation  is  somewhat  different 

at  the  150  and  300  lb./ac.  levels  of  N  as  can  be  seen  from  the  two  ligands 

parallel  to  the  lime  axis.  At  the  150  lb./ac.  level  of  N  there  was  an 

initial  decrease  in  N  uptake  as  the  lime  level  changed  from  zero  to  5  T./ac. 
Between  the  5  and  10  T./ac.  lime  levels,  however,  there  was  a  sudden  surge 
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in  N  uptake,  which  was  almost  sufficient  to  overcome  the  depressive  effect 
of  the  5  T./ac.  rate.  At  the  300  Ib./ac.  level  of  N  this  same  general 
pattern  was  observed  differing  only  in  extent.  It  appears  then  that  at 
the  intermediate  level  of  lime  there  was  a  negative  N  x  lime  interaction 
with  respect  to  N  uptake  not  unlike  the  situation  observed  on  the  Maleb 
soil.  At  the  high  level  of  lime,  however,  there  was  a  strong  positive  N  x 
lime  interaction.  These  interactions  make  a  response  surface  somewhat 
resembling  a  trough  with  a  shallow  end  at  the  zero  N  level  and  deeper  areas 
at  the  150  and  300  lb„/ac.  levels  of  N. 

The  ligands  directly  above  and  parallel  to  the  N  axis  depict  the 
N  response  at  each  level  of  lime.  As  was  the  case  with  the  Maleb  soil  the 
response  pattern  was  curvilinear  in  each  case.  At  the  zero  level  of  lime, 
there  was  increased  N  uptake  as  the  N  level  changed  from  zero  to  150  lb./ac. 
A  further  increase  in  N  level  resulted  in  a  slight  decrease  in  N  uptake. 

At  the  5  T./ac.  level  of  lime  the  150  lb./ac.  rate  of  N  increased  uptake 
by  a  rather  small  amount  as  shown  by  the  slope  with  no  further  increase  at 
the  300  lb./ac.  rate.  At  the  10  T./ac.  lime  level  the  curvilinear  nature 
of  the  N  response  was  most  marked.  In  fact  between  the  150  and  300  lb./ac. 

N  levels  there  was  a  marked  decrease  in  N  uptake  as  can  be  seen  from  Fig.  3. 

It  is  evident  from  the  foregoing  discussion  of  the  two  soils  that 
there  was  no  single  common  effect  of  applied  lime  on  N  uptake  but  in  general 
it  decreased  uptake.  The  influence  of  lime  will  vary  with  different  soils 
and  is  apparently  dependent  on  the  nature  of  the  existing  ionic  balances 
among  other  things . 

The  absence  of  a  depressive  effect  of  K  on  N  uptake  on  these  soils 
was  contrary  to  the  findings  of  Walker  and  Pesek  (1963)  and  McLeod  and 
Carson  (1964).  The  difference  could  be  due  to  the  initial  level  of  K  in 
the  soils  as  well  as  to  the  clay  mineral  composition.  No  measure  of  these 
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factors  was  reported  by  Walker  and  Pesek  and  so  a  direct  comparison  is 
impossible.  The  comparison  is  even  more  difficult  in  the  case  of  McLeod 
and  Carson  since  these  investigators  worked  with  hydroponic  solutions. 

(c)  Potassium  yields 

It  will  be  noted  from  Table  9  that  the  yields  of  K  reported  for 
the  Maleb  soil  were  considerably  higher  than  the  corresponding  values  for 
the  Cooking  Lake  soil.  This  was  probably  due  in  part  to  the  fact  that  the 
Maleb  soil  was  richly  endowed  with  a  reserve  of  available  K  some  five  to 
six  times  as  great  as  the  comparable  value  in  the  Cooking  Lake  soil  (Table  2). 
It  can  be  seen  too  from  Table  9  that  in  the  case  of  the  Maleb  soil,  regard¬ 
less  of  the  level  of  N  and  K,  an  increase  in  applied  lime  caused  a  net 
depressive  effect  on  K  uptake.  The  trend  is  quite  different  on  the  Cooking 
Lake  soil.  Increased  lime  application  at  the  various  N-K  combinations 
tended  in  this  case  to  increase  K  uptake.  Once  again  it  appears  likely 
that  the  increased  K  uptake  was  partly  a  reflection  of  the  ameliorating 
influence  of  applied  lime  in  correcting  an  existing  nutrient  imbalance. 

On  the  Maleb  soil,  the  highest  yield  of  K  was  in  general  obtained 
at  the  highest  level  of  K  application  irrespective  of  the  level  of  the 
other  two  nutrients.  At  any  given  level  of  K  and  lime  applied  N  tended  to 
increase  the  yield  of  K.  One  possible  explanation  is  that  the  increased 
N  promoted  greater  vegetative  growth  of  the  indicator  crop  which  in  turn 
absorbed  K  in  luxury  amounts  from  the  vast  available  store. 

For  the  Cooking  Lake  soil  there  was  also  a  tendency  for  the 
highest  yields  of  K  to  occur  at  the  highest  K  rates.  The  influence  of 
levels  of  N  on  the  yield  of  K  was  erratic.  There  are  two  factors  which 
accounted,  in  part  at  least,  for  the  difference  on  the  two  soils.  Firstly, 
the  applied  N  did  not  produce  as  vigorous  vegetative  growth  on  the  Cooking 


63 


TABLE  9.  YIELDS  OF  POTASSIUM  (mg.)  FOR  NUTRIENT  COMBINATIONS 

APPLIED  TO  MALEB  AND  COOKING  LAKE  A  HORIZONS 
(Average  of  2  Replications) 


Lime  (T./ac.) 


lb  . /ac  .  ) 

K  ( lb . /ac  .  ) 

0 

5 

10 

Maleb  A 

Horizon  (Profile  1) 

0 

0 

15.14 

12.94 

12.54 

0 

150 

15.31 

14.52 

11.44 

0 

300 

14.30 

16.26 

14.74 

150 

0 

17.29 

17.95 

15.51 

150 

150 

19.62 

15.82 

14.55 

150 

300 

17.50 

16.76 

17.02 

300 

0 

16.84 

19.60 

13.40 

300 

150 

24.28 

19.51 

16. 15 

300 

300 

26.38 

21.40 

17.40 

Cooking  Lake 

A  horizon  (Profile  1) 

0 

0 

2.76 

5.63 

4.82 

0 

150 

3.40 

7.06 

10.32 

0 

300 

4.88 

3.95 

6.38 

150 

0 

2.75 

4.34 

6.56 

150 

150 

6.05 

4.24 

8.27 

150 

300 

4.46 

7.26 

10.08 

300 

0 

2.06 

3.42 

4.52 

300 

150 

2.74 

3.76 

5.48 

300 

300 

5.28 

7.60 

6.80 
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Lake  soil  as  it  did  on  the  Maleb.  This  is  apparent  from  Table  3  and  was 
probably  due  directly  or  indirectly  to  a  lower  availability  of  the  applied 
N  in  the  Cooking  Lake  soil.  Secondly,  there  was  a  lower  reserve  of 
available  K,  from  which  the  crop  could  draw,  in  the  Cooking  Lake  soil. 

It  will  be  noted  (Table  10)  that  N  and  K  had  a  highly  significant 
influence  on  the  yield  of  K,  while  lime  surprisingly  did  not.  The  apparent 
lack  of  significant  influence  by  lime  is  probably  due  to  the  fact  that  the 
lime  had  diametrically  opposed  effects  on  the  yield  of  K  on  each  soil.  It 
is  quite  possible  that  these  opposing  effects  tended  to  cancel  each  other 
in  the  overall  analysis  of  variance  as  discussed  later.  Table  10  further 
reveals  that  there  was  a  highly  significant  difference  between  soils  with 
respect  to  yields  of  K.  There  were  very  marked  N  x  soil  and  lime  x  soil 
interactions  which  were  significant  at  the  1  per  cent  level. 

In  order  to  facilitate  closer  study  of  the  factors  affecting  K 
uptake  separate  analyses  of  variance  were  conducted  on  the  yield  of  K  data 
for  each  soil.  These  results  are  reported  in  Table  11.  It  is  apparent  from 
the  outset  that  there  were  significant  differences  between  replicates  on 
each  soil.  This  again  indicates  that  environmental  conditions  were  not  as 
uniform  as  was  indicated  by  the  low  F  value  for  Replicates  in  Table  10. 

As  was  indicated  in  Table  10,  K  application  had  a  significant  main  effect 
on  K  uptake  for  both  soils  with  the  significance  being  at  the  5  per  cent 
level  on  the  Maleb  soil  and  at  the  1  per  cent  level  on  the  Cooking  Lake  soil. 
The  most  striking  observation  in  Table  11,  however,  was  the  fact  that  lime, 
which  had  been  indicated  as  an  insignificant  factor  in  Table  10,  had  a  highly 
significant  main  effect  with  respect  to  K  uptake  on  both  soils.  This  lends 
support  to  the  theory  advanced  earlier  that  significant  lime  effects,  if 
diametrically  opposed  on  each  soil  and  of  approximately  the  same  magnitude, 
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TABLE  10. 

ANALYSIS  OF 

MALEB 

VARIANCE  FOR  YIELD 

AND  COOKING  LAKE  A 

OF  POTASSIUM 

HORIZONS 

ON 

Source  of 

Degrees 

of 

Sum  of 

Mean 

Variation 

Freedom 

Squares 

Square 

F  Value 

Replicates 

1 

0.096 

0.096 

0.014 

N 

2 

96.731 

48.365 

7.231** 

K 

2 

92.060 

46.030 

6.882** 

Lime 

2 

2.347 

1.174 

0.  175 

Soil 

1 

3,542.861 

3,542.861 

529.734** 

N  x  K 

4 

37.842 

9.460 

1.414 

N  x  Lime 

4 

44.585 

11.146 

1.666 

K  x  Lime 

4 

15.918 

3.980 

0.595 

N  x  Soil 

2 

174. 133 

87.066 

13.018** 

K  x  Soil 

2 

1.760 

0.880 

0.131 

Lime  x  Soil 

2 

222.105 

111.052 

16 . 604** 

N  x  K  x  Lime 

8 

36.284 

4.536 

0.678 

N  x  K  x  Soil 

4 

36.518 

9.130 

1.365 

N  x  Lime  x  Soil 

4 

10.809 

2.702 

0.404 

K  x  Lime  x  Soil 

4 

17.082 

4.270 

0.638 

N  x  K  x  Lime  x  Soil 

8 

45.432 

5.679 

0.849 

Error 

53 

354.464 

6.688 

Total 

107 

4,731.027 

**  Denotes  significance  at  the  1%  level. 
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TABLE  11.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  K  ON 

THE  INDIVIDUAL  SOILS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Maleb  A 

Horizon  (Profile  1) 

Replicates 

1 

39.938 

39.938 

6.070* 

N 

2 

253.689 

126.844 

19.278** 

K 

2 

46.980 

23.490 

3.570* 

Lime 

2 

131.590 

65.795 

10.000** 

N  x  K 

4 

43.346 

10.836 

1.647 

N  x  Lime 

4 

45.758 

11.440 

1.739 

K  x  Lime 

4 

25.330 

6.332 

0.962 

N  x  K  x  Lime 

8 

47.199 

5.900 

0.897 

Error 

26 

171.073 

6.580 

Total 

53 

804.903 

Cooking  Lake 

A  Horizon  (Profile 

1) 

Replicates 

1 

45.650 

45.650 

12.122** 

N 

2 

17.177 

8.588 

2.281 

K 

2 

46.842 

23.421 

6.219** 

Lime 

2 

92.865 

46.432 

12.330** 

N  x  K 

4 

31.015 

7.754 

2.059 

N  x  Lime 

4 

9.635 

2.409 

0.640 

K  x  Lime 

4 

7.668 

1.917 

0.509 

N  x  K  x  Lime 

8 

34.523 

4.315 

1.146 

Error 

26 

97.910 

3.766 

Total 

53 

383.286 

*  Denotes  significance  at  the  57,  level. 
**  Denotes  significance  at  the  17,  level. 


67 


could  tend  to  mask  each  other  in  a  bulk  analysis  of  variance  as  reported 
in  Table  10.  There  were  no  significant  nutrient  interactions  with  respect 
to  K  uptake  on  the  two  soils. 

(d)  Calcium  yields 

Table  12  presents  the  yields  of  Ca  on  Maleb  and  Cooking  Lake  A 
horizons  as  a  function  of  applied  N,  K,  and  lime.  It  will  be  noted  that 
at  the  zero  and  5  T . / ac .  level  of  lime  the  yield  of  Ca  for  the  Maleb  soil 
tended  to  be  higher  than  the  corresponding  values  on  the  Cooking  Lake  soil. 
At  the  10  T./ac.  level  of  lime,  however,  there  was  very  little  difference 
in  the  values  between  soils.  At  the  various  N-K  combinations  there  seemed 
to  be  a  weak  trend  towards  increased  yields  of  Ca  on  the  Maleb  and  a  strong 
trend  on  the  Cooking  Lake  as  the  level  of  applied  lime  was  increased.  The 
exact  effect  of  K  on  Ca  uptake  was  difficult  to  determine  in  that  it  was 
neither  consistent,  nor  was  there  a  pronounced  trend.  On  the  Maleb  soil, 
increased  N  rates  tended  to  produce  increased  yields  of  Ca,  the  most  marked 
increases  being  observed  at  the  zero  and  5  T./ac.  levels  of  lime. 

At  first  glance  the  data  for  Ca  uptake  on  the  Cooking  Lake  soil 
does  not  appear  to  depict  any  real  trend  as  the  level  of  N  is  increased. 
Since  K  had  no  significant  effect  on  Ca  uptake  on  the  Cooking  Lake  soil 
(Table  14)  it  seems  feasible  that  the  yields  of  Ca  corresponding  to  the 
three  K  rates  at  each  value  of  N  should  be  averaged.  If  this  is  done  there 
now  appears  to  be  a  consistent  trend.  At  each  level  of  lime  there  was  an 
initial  increase  in  yield  of  Ca  and  a  subsequent  decrease  as  the  level  of 
N  was  increased. 

It  will  be  observed  (Table  13)  that  N  and  lime  exerted  a  highly 
significant  influence  on  the  yield  of  Ca.  The  difference  between  soils  was 
significant  at  the  1  per  cent  level  as  were  the  N  x  soil  and  lime  x  soil 
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TABLE  12.  YIELDS  OF  CALCIUM  (mg.)  FOR  NUTRIENT  COMBINATIONS 

APPLIED  TO  MALEB  AND  COOKING  LAKE  A  HORIZONS 
(Average  of  2  Replications) 


N  ( lb . /ac . ) 

K  (lb./ac.) 

Lime  (T./ac, 

0  5 

) 

10 

Maleb  A  Horizon  (Profile  1) 

0 

0 

4.87 

4.84 

4.72 

0 

150 

4.44 

4.75 

4.76 

0 

300 

4.51 

6.04 

4.92 

150 

0 

5.34 

5.87 

5.39 

150 

150 

5.79 

6.04 

5.54 

150 

300 

5.90 

6.01 

6.58 

300 

0 

5.44 

6.81 

5.67 

300 

150 

7.78 

6.56 

5.76 

300 

300 

7.70 

6.84 

6.61 

Cooking  Lake 

A  Horizon  (Profile  1) 

0 

0 

2.39 

5.26 

4.74 

0 

150 

2.51 

5.04 

6.27 

0 

300 

3.20 

3.52 

4.12 

150 

0 

2.55 

5.55 

5.22 

150 

150 

4.43 

3.52 

5.57 

150 

300 

2.66 

5.28 

7.08 

300 

0 

1.74 

3.76 

4.  16 

300 

150 

1.97 

3.78 

5.30 

300 

300 

2.62 

4.88 

5.02 

. 
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TABLE  13. 

ANALYSIS  OF 

MALEB 

VARIANCE  FOR  YIELD  OF  CALCIUM  ON 

AND  COOKING  LAKE  A  HORIZONS 

Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Replicates 

1 

1.993 

1.993 

1.969 

N 

2 

11.718 

5.859 

5.788** 

K 

2 

4.654 

2.327 

2.299 

Lime 

2 

30.358 

15. 179 

14.996** 

Soil 

1 

69.456 

69.456 

68.623** 

N  x  K 

4 

4. 135 

1.034 

1.021 

N  x  Lime 

4 

1.722 

0.430 

0.425 

K  x  Lime 

4 

4.813 

1.203 

1.188 

N  x  Soil 

2 

22.738 

11.369 

11.232** 

K  x  Soil 

2 

0.881 

0.440 

0.435 

Lime  x  Soil 

2 

35.641 

17.821 

17.606** 

N  x  K  x  Lime 

8 

7.744 

0.968 

0.956 

N  x  K  x  Soil 

4 

2.700 

0.675 

0.666 

N  x  Lime  x  Soil 

4 

2.061 

0.515 

0.508 

K  x  Lime  x  Soil 

4 

2.089 

0.522 

0.516 

N  x  K  x  Lime  x  Soil 

8 

11.888 

1.486 

1.468 

Error 

53 

53.643 

1.012 

Total 

107 

268.236 

**  Denotes  significance  at  the  1 70  level. 
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TABLE  14.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  CALCIUM 

ON  THE  INDIVIDUAL  SOILS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Maleb  A  Horizon  (Profile  1) 

Replicates 

1 

1.497 

1.497 

2.073 

N 

2 

26.230 

13.115 

18.176** 

K 

2 

4.229 

2.114 

2.930 

Lime 

2 

1.614 

0.807 

1.119 

N  x  K 

4 

1.380 

0.345 

0.478 

N  x  Lime 

4 

2.796 

0.699 

0.969 

K  x  Lime 

4 

1.424 

0.356 

0.493 

N  x  K  x  Lime 

8 

5.550 

0.694 

0.961 

Error 

26 

18.760 

0.722 

Total 

53 

63.480 

Cooking  Lake  A 

Horizon  (Profile 

1) 

Replicates 

1 

10.367 

10.367 

10.776** 

N 

2 

8.227 

4.113 

4.276* 

K 

2 

1.307 

0.653 

0.679 

Lime 

2 

64.385 

32. 192 

33.464** 

N  x  K 

4 

5.456 

1.364 

1.418 

N  x  Lime 

4 

0.987 

0.247 

0.257 

K  x  Lime 

4 

5.479 

1.370 

1.424 

N  x  K  x  Lime 

8 

14.080 

1.760 

1.830 

Error 

26 

25.012 

0.962 

Total 

53 

135.300 

*  Denotes  significance  at  the  5 °L  level. 
**  Denotes  significance  at  the  lYo  level. 
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The  analysis  of  variance  for  the  yield  of  Ca  data  on  the  individual 
soils  (Table  14)  facilitates  a  closer  study  of  the  N  and  lime  main  effects. 

It  will  be  noted  that  the  highly  significant  main  effect  of  N  on  Ca  uptake 
reported  in  Table  13  is  attributable  to  a  large  extent  to  the  N  effect  on  the 
Maleb  soil.  The  N  main  effect  was  significant  at  the  1  per  cent  level  on 
this  soil  but  only  at  the  5  per  cent  level  on  the  Cooking  Lake  soil.  The 
significant  lime  effect  reported  in  Table  13  was  almost  exclusively  accounted 
for  by  the  Cooking  Lake  soil.  One  other  fact  revealed  by  the  individual 
analyses  of  variance  was  the  existence  of  a  highly  significant  difference 
between  replicates  on  the  Cooking  Lake  soil  which  again  indicates  a  lack  of 
uniformity  in  environmental  conditions. 

2 .  C  Horizons  for  Maleb  and  Cooking  Lake 

(a)  Dry  matter  yields 

The  yield  response  to  N  and  K  on  the  Maleb  and  Cooking  Lake  C 
horizons  is  summarized  in  Table  15  and  portrayed  graphically  in  Fig.  4  for 
easier  scrutiny.  Since  K  had  no  significant  effect  on  the  yield  of  dry 
matter  the  yield  values  at  the  three  K  levels  were  averaged  and  these 
averages  were  plotted  against  the  rates  of  N.  It  can  be  seen  from  Fig.  4 
that  on  each  soil  there  was  a  net  increase  in  yield  of  dry  matter  as  the 
rate  of  N  was  increased.  The  overall  yield  of  dry  matter  was  significantly 
higher  (1  per  cent  level,  Table  16)  on  the  Maleb  soil  than  on  the  Cooking 
Lake.  In  each  case  the  response  pattern  was  curvilinear  but  on  the  Maleb 
soil  yield  increases  between  the  150  and  300  lb./ac.  levels  of  N  proceeded 
at  a  decreasing  rate.  On  the  Cooking  Lake  soil,  however,  the  yield  increases 
between  the  same  two  levels  proceeded  at  an  increasing  rate  as  can  be  seen 
from  the  change  in  slope  of  the  response  curve.  If  the  difference  in  yield 
between  the  zero  and  300  lb./ac.  N  rates  (Table  15)  is  used  as  the  criterion 
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TABLE  15.  YIELD  RESPONSE  (g.)  TO  NITROGEN  AND  POTASSIUM  ON  MALEB 

AND  COOKING  LAKE  C  HORIZONS 

(Average  of  3  Replications) 


N  (lb./ac.) 

K  (lb. 

/ ac . ) 

0 

150 

300 

Av . 

Maleb  C  Horizon  (Profile  1) 

0 

0.82 

0.73 

0.63 

0.73 

150 

0.80 

0.78 

0.88 

0.82 

300 

0.94 

0.84 

0.84 

0.87 

Cooking  Lake 

C  Horizon  (Profile  1) 

0 

0.59 

0.61 

0.69 

0.63 

150 

0.69 

0.60 

0 . 66 

0.65 

300 

0.92 

0.69 

0.77 

0.79 

YIELD  OF  DRY  MATTER  (g.) 
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Figure  4.  Yield  of  dry  matter  as  a  function  of  applied  N  on  Maleb  (Profile  1) 
and  Cooking  Lake  (Profile  1)  C  horizons  (Av.  of  3  levels  of  K). 
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TABLE  16.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  DRY  MATTER  ON  MALEB 

AND  COOKING  LAKE  C  HORIZONS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Replicates 

2 

0.078 

0.939 

2.346 

N 

2 

0.227 

0.114 

6.856** 

K 

2 

0.068 

0.034 

2.059 

Soil 

1 

0.185 

0.185 

11.150** 

N  x  K 

4 

0.050 

0.012 

0.750 

N  x  Soil 

2 

0.023 

0.012 

0.694 

K  x  Soil 

2 

0.012 

0.006 

0.364 

N  x  K  x  Soil 

4 

0.070 

0.018 

1.060 

Error 

34 

0.564 

0.016 

Total 

53 

1.278 

Denotes  significance  at  the  1%  level. 
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for  assessing  yield  response  on  the  two  soils  the  results  are  intriguing. 
Despite  the  disparity  in  absolute  yields  it  appears  that  the  yield  response 
to  added  N  was  slightly  greater  on  the  Cooking  Lake  soil  than  on  the  Maleb. 
This  observation  is  further  substantiated  by  the  fact  that  N  had  no  sig¬ 
nificant  effect  on  yield  on  the  Maleb  soil  (Table  17)  but  had  a  significant 
main  effect  on  the  Cooking  Lake  soil  (5  per  cent  level,  Table  17).  In 
fact,  the  significant  N  effect  reported  in  Table  16  appears  to  be  almost 
entirely  attributable  to  the  Cooking  Lake  soil.  There  were  no  significant 
nutrient  interactions  operative  on  these  soils. 

(b)  Nitrogen  yields 

Yields  of  N  were  also  different  on  the  Maleb  and  Cooking  Lake  C 
horizons  (Table  18,  Fig.  5).  It  will  be  noted  from  Fig.  5  that  the  N 
response  pattern  was  very  similar  on  both  soils  between  the  zero  and  150 
lb./ac.  rates  of  N.  This  is  apparent  from  the  similarity  of  the  slopes. 

Beyond  the  150  lb./ac.  N  level,  however,  the  N  response  patterns  of  the 
two  soils  are  quite  different.  Although  there  was  an  increase  in  N  uptake 
in  both  cases,  the  rate  of  uptake  on  the  Maleb  soil  proceeded  at  a  decreasing 
rate  while  the  rate  of  uptake  on  the  Cooking  Lake  soil  showed  a  marked 
increas  e . 

If  Table  18  is  now  compared  with  Table  6  it  is  possible  to  obtain 
a  measure  of  the  N  response  on  the  C  horizons  of  the  two  soils  as  compared 
to  the  N  response  on  the  A  horizons.  It  will  be  recalled  from  Fig.  2  and  3 
that  increased  rates  of  applied  lime  had  a  depressive  effect  on  N  uptake 
on  the  Maleb  A  horizon.  On  the  Cooking  Lake  A  horizon,  however,  lime  tended 
to  increase  N  uptake.  Since  no  lime  was  added  to  the  C  horizons  of  these 
soils,  the  data  in  Table  18  facilitate  in  addition  an  assessment  of  the  effect 
of  native  lime  as  opposed  to  applied  lime  with  respect  to  N  uptake. 
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TABLE  17.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  DRY  MATTER  ON 

THE  INDIVIDUAL  SOILS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Maleb  C 

Horizon  (Profile 

1) 

Replicates 

2 

0.081 

0.041 

2.160 

N 

2 

0.086 

0.043 

2.240 

K 

2 

0.039 

0.019 

1.016 

N  x  K 

4 

0.070 

0.017 

0.913 

Error 

16 

0.306 

0.019 

Total 

26 

0.583 

Cooking  Lake 

C  Horizon  (Profile  1) 

Replicates 

2 

0.034 

0.017 

1.215 

N 

2 

0.149 

0.074 

5.106* 

K 

2 

0.051 

0.026 

1.763 

N  x  K 

4 

0.060 

0.015 

1.034 

Error 

16 

0.234 

0.014 

Total 

26 

0.530 

* 


Denotes  significance  at  the  5 70  level. 
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TABLE  18.  YIELD  OF  NITROGEN  (mg.)  ON  MALEB  AND  COOKING  LAKE  C 

HORIZONS  AS  A  FUNCTION  OF  APPLIED 
NITROGEN  AND  POTASSIUM 
(Average  of  3  Replications) 


N  (lb./ac.) 

K  (lb. 

/ac . ) 

0 

150 

300 

Av . 

Maleb  C  Horizon  (Profile  1) 

0 

10.85 

9.44 

9.87 

10.05 

150 

12.34 

12.14 

13.49 

12.66 

300 

16.45 

13.98 

13.88 

14.7  7 

Cooking  Lake  C 

Horizon  (Profile  1) 

0 

8.80 

8.64 

9.34 

8.93 

150 

12.11 

10.71 

11.45 

11.42 

300 

18.34 

14.86 

14.06 

15.75 

YIELO  OF  NITROGEN  (mg.) 
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Figure  5.  Yield  of  N  on  Maleb  (Profile  1)  and  Cooking  Lake  (Profile  1) 
C  horizons  as  a  function  of  applied  N  (Av.  of  3  K  levels). 
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It  can  be  seen,  that  even  at  the  10  T./ac.  lime  level  which 
represents  the  most  severe  lime  treatment  in  Table  6,  the  yield  of  M  on 
the  Maleb  A  horizon  at  each  rate  of  N  was  greater  than  the  corresponding 
values  for  the  Maleb  C  horizon.  If  it  is  assumed  that  the  level  of  native 
lime  in  the  Maleb  C  and  the  10  T./ac.  level  of  applied  lime  both  provided 
excess  lime  it  becomes  apparent  that  native  lime  had  a  depressive  effect  on 
N  uptake  on  the  Maleb  C  horizon  quite  similar  to  the  effect  of  applied  lime 
on  the  Maleb  A,  ,  ,  , 

The  situation  on  the  Cooking  Lake  soil  is  of  equal  interest.  If 

the  10  T. /ac»  level  of  applied  lime  is  again  used  as  the  criterion  it  can 

,\ 

be  seen  that  the  yield  of  N  values  on  the  Cooking  Lake  A  horizon  are  slightly 
higher  than  the  corresponding  values  on  the  Cooking  Lake  C  horizon  at  the 
zero  and  150  lb,/ac,  rates  of  N.  At  the  300  Ib./ac,  rate  of  N,  however, 
the  N  uptake  on  the  C  horizon  markedly  surpassed  that  on  the  Cooking  Lake  A 
horizon.  This  lends  support  to  the  theory  advanced  previously  that  lime 
seems  to  increase  dry  matter  yields  and  encourages  N  uptake  on  the  Cooking 
Lake  soil  by  correcting  a  nutrient  imbalance  in  the  soil.  It  may  well  be 
that  the  10  T„/ac,  lime  level  was  not  an  excessive  rate  for  the  Cooking 
Lake  A  horizon  since  the  slope  of  the  ligand  at  the  300  lb,/ac,  N  rate  (Fig,  3) 
was  an  ascending  one  at  the  1.0  T,/ac,  lime  level.  The  foregoing  discussion 
seems  to  support  this  view. 

It  appears  then  that  the  underlying  mechanism  by  which  lime 
affects  N  uptake  from  a  soil  is  the  same  for  both  native  and  applied  lime. 

If  the  results  of  the  present  study  are  any  indication,  however,  this 
mechanism  may  be  different  on  different  soils. 

The  analysis  of  variance  of  the  yield  of  N  data  for  the  soils  was 
done  in  two  ways,  namely  (1)  a  bulk  analysis  incorporating  the  data  for 


' 

I 
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both  soils,  and  (2)  individual  analyses  of  variance  treating  each  soil  as 
a  separate  entity.  These  results  are  presented  in  Tables  19  and  20.  It 
will  be  noted  from  Table  19  that  the  only  variable  which  had  a  significant 
effect  on  the  yield  of  N  was  the  level  of  applied  N.  The  individual 
analyses  of  variance  reported  in  Table  20  substantiate  this  fact  and 
further  indicate  that  the  N  main  effect  was  highly  significant  on  both 
soils  but  was  somewhat  more  pronounced  on  the  Cooking  Lake  soil. 

(c)  Potassium  yields 

Yields  of  K  at  the  three  K  levels  were  averaged  (Table  21),  since 
applied  K  proved  to  be  an  insignificant  factor  with  respect  to  K  uptake 
(Tables  22  and  23).  The  averages  were  plotted  against  the  rates  of  N  as 
shown  in  Fig.  6.  The  resulting  curves  present  a  general  picture  of  how 
K  uptake  varies  with  applied  N  on  the  two  soils.  As  can  be  seen,  the  K 
response  pattern  on  each  soil  was  curvilinear.  Whereas  on  the  Cooking  Lake 
soil  the  response  curve  was  an  ascending  one  with  an  increasing  slope 
beyond  the  150  lb./ac.  N  rate,  the  curve  on  the  Maleb  soil  had  a  diminished 
slope  beyond  the  aforementioned  N  rate  and  appeared,  as  it  were,  to  be 
flattening  out  towards  some  equilibrium  level. 

The  difference  in  yield  of  K  between  the  two  soils  shown  in  Fig.  6 

was  significant  at  the  1  per  cent  level  (Table  22) .  Nitrogen  had  a  highly 

significant  main  effect  on  K  uptake,  but  none  of  the  other  main  effects  or 
interactions  was  significant.  The  analysis  of  variance  of  the  individual 
soils  (Table  23)  substantiates  these  findings  and  indicates  that  the  major 
N  effect  was  on  the  Cooking  Lake  soil.  The  N  main  effect  on  the  Maleb  soil 
was  just  below  the  value  required  for  significance  at  the  5  per  cent  level. 

It  is  apparent  from  these  data  that  the  level  of  native  K  in  the 

two  soils  had  a  stronger  bearing  on  K  uptake  than  did  the  applied  K. 
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TABLE  19.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  NITROGEN  ON  MALEB 

AND  COOKING  LAKE  C  HORIZONS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Replicates 

2 

1.615 

0.807 

0.123 

N 

2 

301.476 

150.738 

22.896** 

K 

2 

23.797 

11.898 

1.807 

Soil 

1 

2.411 

2.411 

0.366 

N  x  K 

4 

24.736 

6.184 

0.939 

N  x  Soil 

2 

13.343 

6.671 

1.013 

K  x  Soil 

2 

1.047 

0.524 

0.079 

N  x  K  x  Soil 

4 

5.590 

1.398 

0.212 

Error 

34 

223.837 

6.583 

Total 

53 

597.853 

Denotes  significance  at  the  17,  level. 
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TABLE  20.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  N  ON  THE  TWO  SOILS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Maleb  C  Horizon  (Profile  1) 

Replicates 

2 

14.232 

7.116 

1.165 

N 

2 

100.174 

50.087 

8. 192** 

K 

2 

9.737 

4.868 

0.796 

N  x  K 

4 

10.505 

2.626 

0.430 

Error 

16 

97.825 

6.114 

Total 

26 

232.474 

Cooking  Lake 

C  Horizon  (Profile  1) 

Replicates 

2 

10.797 

5.399 

0.842 

N 

2 

214.645 

107.322 

16.737** 

K 

2 

15.108 

7.554 

1.178 

N  x  K 

4 

19.823 

4.956 

0.773 

Error 

16 

102.595 

6.402 

Total 

26 

362.967 

**  Denotes  significance  at  the  17.  level. 
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TABLE  21.  YIELD  OF  POTASSIUM  (mg.)  ON  MALEB  AND  COOKING  LAKE  C 

HORIZONS  AS  A  FUNCTION  OF  APPLIED 
NITROGEN  AND  POTASSIUM 


(Average  of  3  Replications) 


N  ( lb . /ac  .  ) 

K  (lb./ac.) 

0 

150 

300 

Av . 

Maleb  C  Horizon  (Profile  1) 

0 

10.40 

10.62 

9.55 

10.19 

150 

11.92 

12.16 

15. 15 

13.08 

300 

13.92 

12.46 

15.07 

13.82 

Cooking  Lake 

C  Horizon 

(Profile  1) 

0 

7.12 

6.90 

8.33 

7.45 

150 

9. 13 

8.06 

8.60 

8.60 

300 

9.88 

9.39 

13.52 

10.93 

. 
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TABLE  22.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  POTASSIUM  ON  MALEB 

AND  COOKING  LAKE  C  HORIZONS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Replicates 

2 

26.609 

13.304 

1.846 

N 

2 

84.496 

42.248 

5.862** 

K 

2 

14.320 

7 . 160 

0.993 

Soil 

1 

121.710 

121.710 

16.889** 

N  x  K 

4 

5.644 

1.411 

0.195 

N  x  Soil 

2 

16.755 

8.378 

1.162 

K  x  Soil 

2 

6.375 

3.188 

0.442 

N  x  K  x  Soil 

4 

36.585 

9.146 

1.269 

Error 

34 

245.014 

7.206 

Total 

53 

557.508 

Denotes  significance  at  the  1%  level. 
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TABLE  23.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  K  ON  THE  INDIVIDUAL 

SOILS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Maleb  C  Horizon  (Profile 

1) 

Replicates 

2 

33.814 

16.907 

1.995 

N 

2 

44.634 

22.317 

2.636 

K 

2 

0.940 

0.470 

0.056 

N  x  K 

4 

26.00 

6.525 

0.771 

Error 

16 

135.461 

8.466 

Total 

26 

240.949 

Cooking  Lake 

C  Horizon  (Profile  1) 

Replicates 

2 

13.234 

6.617 

1.190 

N 

2 

56.617 

28.308 

5.083* 

K 

2 

19.755 

9.878 

1.774 

N  x  K 

4 

16.130 

4.032 

0.724 

Error 

16 

89.112 

5.569 

Total 

26 

194.848 

* 


Denotes  significance  at  the  5%  level. 
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Figure  6.  Yield  of  K  on  Maleb  (Profile  1)  and  Cooking  Lake  (Profile  1) 
C  horizons  as  a  function  of  applied  N  (Av.  of  3  K  levels). 
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In  this  regard,  it  was  surprising  to  note  that  applied  K  was  not  significant 
even  on  the  Cooking  Lake  soil  with  respect  to  K  uptake.  It  will  be  re¬ 
called  from  Table  2  that  the  level  of  native  K  in  the  Cooking  Lake  C 
horizon  was  not  only  lower  than  the  Maleb  analogue  but  also  considerably 
lower  than  the  two  upper  levels  of  applied  K.  The  situation  is  more 
understandable  on  the  Maleb  C  horizon  where  the  high  level  of  native  K 
could  conceivably  mask  the  effect  of  the  applied  K.  The  observed  phenomenon 
assumes  added  significance  when  it  is  considered  that  applied  K  had  a 
significant  effect  on  K  uptake  on  both  the  Maleb  and  Cooking  Lake  A 
horizons  (Table  11).  It  would  appear  then  that  some  factor,  possibly 
native  lime,  interfered  with  the  applied  K  in  the  Maleb  and  Cooking  Lake  C 
horizons  and  forced  the  indicator  crop  to  utilize  the  native  K  reservoir 
for  its  K  supply.  In  view  of  the  absence  of  more  detailed  information  no 
further  explanation  of  the  observed  phenomenon  will  be  offered  at  this  point 
and  the  K  response  on  the  C  horizons  of  these  soils  will  be  considered 
simply  as  behavioural  patterns.  Nevertheless,  this  observation  of  lack  of 
K  uptake  from  applied  K  on  high  lime  soils  could  have  important  significance 
because  there  are  soils  in  Alberta  with  fairly  low  potassium  contents  and 
free  lime  near  the  surface.  Walker^  has  observed  K  deficiencies  on  soils 
of  this  kind  in  the  Lacombe  area.  Furthermore,  these  results  are  in  agree¬ 
ment  with  other  workers  (Woodruff,  1955)  who  have  found  that  high  Ca  levels 
interfere  with  the  uptake  of  K. 

(d)  Calcium  yields 

The  yields  of  Ca  on  the  Maleb  and  Cooking  Lake  C  horizons  are 
reported  in  Table  24  and  portrayed  graphically  in  Fig.  7.  The  analysis  of 


1 


Mr.  D.  Walker,  Lacombe  Experimental  Farm.  Personal  correspondence. 
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TABLE  24.  YIELD  OF  CALCIUM  (mg.)  ON  MALEB  AND  COOKING  LAKE  C 

HORIZONS  AS  A  FUNCTION  OF  APPLIED 
NITROGEN  AND  POTASSIUM 

(Average  of  3  Replications) 


N  ( lb . /ac  .  ) 

K  (lb. 

/ac .  ) 

0 

150 

300 

Av . 

Maleb  C  Horizon  (Profile  1) 

0 

3.99 

4.13 

3.73 

3.95 

150 

4.32 

3.84 

4.96 

4.37 

300 

4.82 

4.67 

4.28 

4.59 

Cooking  Lake 

C  Horizon  (Profile  1) 

0 

3.71 

3.91 

4.85 

4.16 

150 

4.30 

3.99 

4.38 

4.22 

300 

6.29 

4.81 

5.17 

5.42 

89 
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Figure  7.  Yield  of  calcium  on  Maleb  (Profile  1)  and  Cooking  Lake  (Profile  1) 
C  horizons  as  a  function  of  applied  N  (Av.  of  3  K  levels). 
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variance  for  the  yield  of  Ca  data  of  both  soils  is  presented  in  Table  25. 
Since  K  proved  to  be  an  insignificant  factor  the  yield  of  Ca  values 
plotted  in  Fig.  7  were  the  averages  of  the  values  at  the  three  K  levels. 

It  can  be  seen  from  this  Figure  that  the  Ca  response  pattern  on  the  two 
soils  was  quite  different.  There  was  a  net  increase  in  Ca  uptake  on  both 
soils  as  the  rate  of  N  was  increased.  However,  beyond  the  150  lb./ac.  N 
rate  Ca  uptake  on  the  Maleb  soil  proceeded  at  a  decreased  rate  while  on  the 
Cooking  Lake  soil  there  was  a  sudden  surge.  It  can  also  be  seen  that 
except  for  the  150  lb./ac.  N  rate  where  Ca  uptake  was  approximately  the 
same  on  both  soils  the  yield  of  Ca  was  higher  on  the  Cooking  Lake  soil 
than  on  the  Maleb  at  both  the  zero  and  300  lb./ac.  rates  of  N. 

There  was  a  significant  difference  between  replicates  on  the 
Maleb  soil  (Table  26).  No  other  factor  seemed  to  have  a  marked  effect  on 
Ca  uptake  although  the  F  value  for  the  N  main  effect  was  just  below  the 
5  per  cent  significance  level.  Table  26  shows  also  that  there  was  a  highly 
significant  N  main  effect  with  respect  to  the  uptake  of  Ca  on  the  Cooking 
Lake  soil. 

It  is  perhaps  fitting  at  this  point  to  review  the  first  and 
second  hypotheses  in  the  light  of  the  foregoing  discussion.  Hypothesis  1 
had  stated  that  native  K  as  well  as  applied  K  will  markedly  affect  the 
uptake  of  N  by  plants.  In  the  present  study  K  proved  to  be  insignificant 
on  both  soils  with  respect  to  N  uptake.  Hypothesis  1  was  therefore  re¬ 
jected  and  the  converse,  that  neither  native  K  nor  applied  K  will  markedly 
affect  N  uptake  by  plants  from  the  Maleb  and  Cooking  Lake  soils,  was 
accepted . 

Hypothesis  2  stated  that  native  lime  and  added  lime  will  directly 
or  indirectly  reduce  N  uptake  by  plants.  This  hypothesis  was  accepted 
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TABLE  25.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  CALCIUM  ON  MALEB 

AND  COOKING  LAKE  C  HORIZONS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Replicates 

2 

1.  153 

0.577 

1.034 

N 

2 

8.848 

4.424 

7.931** 

K 

2 

1.402 

0.701 

1.256 

Soil 

1 

1.194 

1.  194 

2.140 

N  x  K 

4 

3.606 

0.902 

1.616 

N  x  Soil 

2 

2.251 

1.126 

2.017 

K  x  Soil 

2 

0.524 

0.262 

0.469 

N  x  K  x  Soil 

4 

3.091 

0.773 

1.385 

Error 

34 

18.964 

0.558 

Total 

53 

41.033 

Denotes  significance  at  the  170  level. 
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TABLE  26.  ANALYSIS  OF  VARIANCE  FOR  YIELD  OF  CALCIUM  ON  THE 

INDIVIDUAL  SOILS 


Source  of 
Variation 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F  Value 

Maleb 

C  Horizon  (Profile 

1) 

Replicates 

2 

2.338 

1.169 

3.747 * 

N 

2 

1.910 

0.955 

3.053 

K 

2 

0.124 

0.062 

0.199 

N  x  K 

4 

2.458 

0.614 

1.964 

Error 

16 

5.005 

0.312 

Total 

26 

11.835 

Cooking 

Lake 

C  Horizon  (Profile  1) 

Replicates 

2 

2.990 

1.495 

2.447 

N 

2 

9.188 

4.594 

7.513** 

K 

2 

1.801 

0.901 

1.473 

N  x  K 

4 

4.240 

1.060 

1.733 

Error 

16 

9.784 

0.611 

Total 

26 

28.004 

* 


Denotes  significance  at  the  5 °L  level. 
Denotes  significance  at  the  17,  level. 
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with  some  modification.  It  will  be  recalled  (Tables  6  and  18)  that  lime 
reduced  N  uptake  on  the  Maleb  soil  but  augmented  N  uptake  to  some  extent 
on  the  Cooking  Lake  soil  through  what  was  believed  to  be  a  correction  of 
a  nutrient  imbalance.  Hypothesis  2  was  therefore  modified  as  follows: 
native  lime  and  added  lime  will  directly  or  indirectly  reduce  N  uptake  by 
plants  on  some  soils.  Where  a  nutrient  imbalance  exists,  however,  lime 
can  augment  N  uptake  by  correcting  the  nutrient  imbalance. 

2.  SOIL  FRACTIONATION  STUDIES 

The  main  purpose  of  using  N^  in  this  phase  of  the  investigation 
was  to  label  a  definite  fraction  of  soil  nitrogen  by  the  introduction  of 
a  known  amount  of  tagged  nitrogen.  This  tagged  form  will  equilibrate  with 
native  soil  nitrogen.  The  mixture  of  native  and  tagged  nitrogen,  when 
submitted  to  chemical  and  biological  processes  may  be  transformed  to  other 
forms  or  fractions  of  soil  nitrogen. 

The  soil  N  fraction  labelled  in  this  study  was  the  inorganic  NH^+ 

1C  1C 

fraction  which  is  extractable  by  1  N  KC1  and  the  N  was  added  as  N  H^NOp 
Two  fundamental  assumptions  were  made  at  the  outset  of  the  experiment. 
Firstly,  it  was  assumed  that  the  added  tagged  N  would  become  fully  equilib¬ 
rated  with  the  native  soil  N.  The  second  was  that  isotope  effects  would 
be  small  in  magnitude,  and  that  the  N^  atcms  would  be  transformed  in  a 
similar  manner  to  the  N^  atoms.  Some  isotope  effects  might  exist  because 
N^  bonds  are  more  energetic  and  more  easily  broken  than  N^  bonds  (Hoering, 
1955).  These  are  being  neglected,  however,  since  the  maximum  expected 
effect  would  be  of  the  order  of  4  per  cent  (Urey,  1947).  In  addition,  it 
is  almost  impossible  to  evaluate  such  effects  at  the  present  time  since 
the  underlying  processes  are  not  known. 
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The  Kjeldahl  analyses  for  total  organic  and  ammoniacal  N  were 
repeated  until  three  determinations  with  a  standard  deviation  of  not  greater 
than  2  per  cent  were  obtained.  These  determinations  were  then  averaged  and 
the  averages  were  used  for  subsequent  calculations.  The  determinations, 

however,  were  very  tedious  and  time-consuming  and  consequently  all  reason¬ 
able  measures  to  limit  their  number  had  to  be  employed.  Initially  duplicate 
determinations  were  made.  When  it  became  apparent  that  the  concordance 
between  duplicates  was  high,  only  one  sample  of  each  set  of  three  Kjeldahl 
distillates  was  generally  subjected  to  mass  spec trometr ic  analysis.  The 
data  for  total  organic  and  ammoniacal  N  and  tagged  N  content  of  both  soils 
after  various  incubation  periods  are  presented  in  Table  27.  The  values 

were  expressed  as  excess  atom  per  cent  over  the  content  of  normal  soil 

N  (0.38  atom  per  cent)  as  reported  by  Nier  (1946),  Rittenberg  (1946),  and 
Rankama  (1954).  The  excess  atom  percentage  of  the  inorganic  N  pool 

of  each  soil  after  labelling  at  zero  time  was  calculated  from  the  following 
equation  proposed  by  Jansson  (1958): 


nl  +  n2 


where  C  =  excess  atom  per  cent  in  the  mixture 


nl 

n2 

c2 


=  me.  N/100  g.  (unlabelled  soil) 

=  me.  N/100  g.  (labelled  additive) 

=  excess  atom  per  cent  of  labelled  additive. 


The  accuracy  of  the  spectrometer  measurements  was  very  satisfactory  and  the 
standard  deviation  of  replicate  determinations  on  each  sample  was  in  general 
less  than  1  per  cent  (Appendix  5  and  6) .  Appropriate  corrections  for  air 


contamination  were  made  where  necessary  but  samples  containing  more  than 
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3  per  cent  air  were  discarded  in  accordance  with  the  recommendation  of 
Rittenberg  (1946). 

It  will  be  observed  (Table  27)  that  in  general  the  percentages 

and  the  values  for  total  N  follow  a  similar  pattern  in  the  different  fractions 
of  each  soil.  In  the  inorganic  KC1  extracts,  for  example,  both  show  an 
initial  decrease  in  the  early  stages  of  incubation  followed  in  most  cases 
by  a  slight  increase  after  about  20  days  of  incubation.  This  pattern  is 
similar  for  both  soils.  In  the  distillable  acid-soluble  fraction  as  well 
as  the  acid- insoluble  residue  the  general  trend  was  one  of  a  gradual  increase 
with  incubation  time.  Again  the  overall  picture  was  similar  on  both  soils, 
differing  mainly  in  extent.  The  nondis tillable  acid-soluble  fraction  of 
both  soils  showed  fluctuations  in  both  per  cent  and  total  N  which  were 

essentially  the  reverse  of  those  observed  in  the  inorganic  fraction  extracted 
by  KCl.  As  the  time  of  incubation  increased  there  was  an  initial  increase 

1  s 

in  both  total  N  and  per  cent  N  J  and  then  a  subsequent  decrease  with  time 
in  this  nondis tillable  acid-soluble  fraction.  This  observation  is  in  line 
with  the  findings  of  Stewart  _et  al „  (1963)  that  there  is  an  inverse  relation¬ 
ship  between  the  changes  in  inorganic  N  and  those  of  the  nondis tillable 
acid-soluble  N. 

The  excess  values,  however,  merely  provide  a  qualitative  measure 
of  the  N  transformations  which  occurred.  In  order  to  follow  the  trans¬ 
formations  quantitatively  the  product  of  the  excess  values  and  the  total  N 
values  was  computed  as  per  Jansson  (1958)  and  the  results  are  reported  in 
Table  28.  It  should  be  stressed  that  no  attempt  was  made  to  compile  a 
nitrogen  balance  sheet  per  se .  Rather,  the  objective  here  was  to  trace  the 
movement  and  transformation  of  added  inorganic  N  following  equilibration  with 


some  of  the  major  organic  N  fractions.  It  will  be  recalled  from  the  flow 
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chart  of  soil  fractionation  presented  previously  that  the  composition  of 
the  various  fractions  was  as  follows  : 

KCl  extract  - *•  Exchangeable  NH^+  +  Soluble  NO^ 

Distillable  acid-soluble  fraction- - — ►Hydrolyzed  NH^+  and  Amino  sugars 

Nondis tillable  acid-soluble  fraction  - ►  Amino  acids  and  acid-soluble 

humin 

Acid- insolub le  residue  - ►Fixed  NH^+  and  insoluble  humin 

It  can  be  seen  from  Table  28  that  a  substantial  portion  of  the 
added  in  both  soils  remained  in  inorganic  form.  This  is  more  apparent 

from  Table  29  where  the  content  of  each  soil  N  fraction  is  expressed  as 

a  percentage  of  the  amount  of  initially  added.  Over  40  per  cent  of  the 

1  C 

added  N  in  both  soils  remained  in  inorganic  form  throughout  the  incubation 

period.  This  is  due  in  part  to  the  relatively  large  amount  of  initially 

added  and  agrees  with  the  findings  of  Stewart  _e_t  al .  (1963).  In  contrast 
to  these  workers,  however,  significant  amounts  of  tagged  N  were  detected  in 
the  distillable  acid-soluble  fraction  of  both  soils.  There  was  also  a 
trend  towards  increased  transformation  of  the  added  N  to  the  fixed  NH^+  and 
insoluble  humin  forms  in  the  acid- insoluble  residue  as  incubation  time 
increased.  The  distillable  acid-soluble  fraction  and  the  ac id- insolub le 
residue  are  not  believed  to  contribute  significantly  to  the  inorganic  N 
pool,  and  added  N  after  immobilization  in  these  fractions  is  not  subject  to 
ready  mineralization.  In  this  connection  it  was  interesting  to  note  that 
the  Cooking  Lake  soil,  despite  its  lower  total  N  content,  immobilized  more 
of  the  added  N  in  these  aforementioned  fractions  combined  than  did  the  Maleb 
soil.  Comparison  of  the  distillable  acid-soluble  fraction  of  the  two  soils 
illustrates  this  observation  even  more  clearly.  Both  in  absolute  amounts 
(Table  28)  and  percentages  of  the  labelled  additive  (Table  29)  the 
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immobilization  process  in  the  Cooking  Lake  soil  was  more  noticeable.  This 
helps  to  explain  why  the  dry  matter  yield  and  N  uptake  by  barley  were  so 
poor  on  the  Cooking  Lake  soil  as  compared  to  the  Maleb.  The  underlying 
mechanism  is  not  known  but  it  is  apparent  that  some  factor  inherent  in  the 
Cooking  Lake  soil  promoted  rapid  immobilization  of  the  added  N  thus  reducing 
the  amount  available  for  plant  usage.  Perhaps  clay  mineral  identification 
or  organic  matter  characterization  would  help  to  elucidate  the  basic 
mechanism. 

The  nondist illable  acid-soluble  fractions  of  the  two  soils  also 
provide  an  interesting  comparison  and  help  to  explain  the  differences  in  N 
response  observed  earlier  in  the  greenhouse  studies.  The  exact  significance 
of  the  absolute  values  is  uncertain  but  there  was  a  definite  trend  in  the 
fluctuation  of  the  content  with  incubation  time.  Moreover,  there  seemed 
to  be  a  definite  relationship  between  changes  in  this  fraction  and  changes 
in  the  inorganic  N  fraction.  For  visual  scrutiny  these  variations  in  the 
two  fractions  are  presented  graphically  as  a  function  of  incubation  time  in 
Fig .  8  and  9 . 

It  can  be  seen  from  Fig.  8  that  up  to  20  days  there  was  a  decrease 
in  the  NH^+  fraction  as  the  added  N  became  transformed  and  some  of  this  was 
immobilized  in  the  various  organic  N  fractions.  Most  of  the  immobilized  N 

left  the  inorganic  NH^+  fraction  in  the  initial  10  days  of  incubation.  Beyond 
the  20-day  time  span  there  was  a  slight  increase  in  NH^+-N  as  the  pool  became 
replenished  with  mineralized  N  from  organic  sources,  and  possibly  reconversion 
of  some  nitrates  to  NH^+. 

The  situation  in  Fig.  9  is  the  reverse  of  that  observed  in  Fig.  8. 

It  will  be  noted  that  the  pattern  in  both  cases  is  similar  for  the  two  soils, 
the  main  difference  being  one  of  extent.  During  the  first  10  days  of 
incubation  there  was  a  marked  increase  in  content  (Fig.  9)  of  the 
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Fluctuations  of  added  N  in  the  KC1  fraction  of  Maleb  A  (Profile  2) 
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Figure  9.  Fluctuations  in  N  content  of  the  nondi stillable  acid-soluble  fractions 

of  Maleb  A  (Profile  2)  and  Cooking  Lake  A  (Profile  1)  horizons  with  time. 
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nondis tillable  acid-soluble  fractions  of  both  soils.  This  is  undoubtedly 
a  result  of  the  added  N  being  transformed  to  amino  acids  and  acid-soluble 
humin.  Beyond  the  10-day  period  there  was  a  release  of  mineralized  N  in 
the  Maleb  soil  at  a  rate  which  was  at  first  rapid  but  then  tended  to  taper 
off  as  the  incubation  period  increased.  In  the  Cooking  Lake  soil  immobil¬ 
ization  tended  to  level  off  between  the  10  and  20-day  incubation  periods 
and  the  release  of  mineralized  N  was  not  detectable  until  after  20  days. 

Even  then  the  rate  of  release  did  not  quite  match  the  initial  rate  in  the 
Maleb  soil.  It  will  be  noted  too  that  even  after  80  days  incubation  and 
with  mineralization  processes  in  both  soils  quite  active,  the  level  of 
in  this  organic  fraction  appeared  to  be  reaching  an  equilibrium  value  sub¬ 
stantially  above  that  at  zero  time.  This  is  in  accordance  with  Le  Chatelier's 
principle  regarding  dynamic  equilibria.  Furthermore,  it  is  likely  that  a 
removal  of  a  portion  of  the  inorganic  pool  for  example  by  a  crop  would  result 
in  further  mineralization  of  the  N  in  the  nondis tillable  acid-soluble  fraction. 

The  foregoing  discussion  adds  support  to  Jansson's  hypothesis  that 
added  N  does  not  become  uniformly  diluted  with  the  total  soil  N.  There  is 
definite  evidence  of  an  "active  fraction"  which  incorporates  some  of  the 
added  N  during  immobilization  but  later  releases  a  portion  of  this  N  thus 
replenishing  the  inorganic  pool.  This  active  fraction  was  shown  by  Stewart 
et  al .  (1963)  to  be  the  nondis tillable  acid-soluble  fraction  composed 
essentially  of  amino  acids  and  acid-soluble  humin.  From  Table  27  it  is 
apparent  that  the  absolute  size  of  this  "active  fraction"  was  greater  in 
the  Maleb  soil  than  in  the  Cooking  Lake.  Fig.  9  shows  in  addition  that  more 
immobilized  N  entered  the  active  fraction  of  the  Maleb  soil  and  a  greater 
portion  was  subsequently  released  by  mineralization  than  in  the  Cooking  Lake 
soil.  Furthermore,  the  rates  of  immbbilization  and  subsequent  release  of 
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N  by  this  fraction  were  more  marked  in  the  Maleb  soil.  These  findings  help 
to  substantiate  the  theory  advanced  earlier,  that  the  discrepancies  in  dry 
matter  yield  and  N  uptake  between  the  A  horizons  of  the  two  soils  were  due 
to  a  great  extent  to  poorer  N  utilization  by  crops  on  the  Cooking  Lake 
soil.  The  Maleb  A  horizon  used  in  the  soil  fractionation  studies  was  taken 
from  a  different  profile  from  that  used  in  the  greenhouse  experiments.  The 
chemical  composition  and  physical  characteristics  of  the  two  samples  were 
essentially  similar,  however,  as  can  be  seen  from  Table  2.  It  was  therefore 
reasoned  that  both  soils  would  behave  in  a  similar  fashion. 

In  the  light  of  these  observations  discussed  previously,  there 
appears  to  be  sufficient  justification  for  the  acceptance  of  the  third 
hypothesis.  That  is,  for  the  soils  under  study,  fluctuations  in  the  mag¬ 
nitude  of  the  "active  fraction"  of  soil  N  were  reflected  in  the  relative 
amounts  of  N  taken  up  by  the  Gateway  barley  from  each  soil. 

3.  nh4+  RETENTION  STUDIES 

The  objective  of  this  phase  of  the  study  was  to  further  elucidate 
the  differences  in  yield  response  and  N  uptake  obtained  in  the  greenhouse 
on  the  two  soils.  Specifically,  an  attempt  was  made  to  ascertain  whether 
the  main  cause  of  the  differences  was  the  biochemical  relationship  discussed 
in  the  previous  section  or  simply  NH^+  retention  properties  peculiar  to  the 
individual  soils.  Since  NH^+  retention  in  soils  is  generally  attributed  to 
the  clay  fraction,  the  extent  of  this  retention  is  a  reflection  of  the 
behaviour  of  the  clay  mineral  suite. 

It  will  be  noted  (Table  30)  that  the  values  for  1/3  atmosphere 
per  cent  were  similar  for  all  the  soil  horizons  with  the  exception  of 
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TABLE  30.  AVERAGE  WEIGHT  OF  SOIL  IN  DUPLICATE  COLUMNS, 
1/3  ATMOSPHERE  PER  CENT,  AND  MOISTURE 
CONTENT  AT  TIME  OF  PACKING 


Soil  Horizon 

Profile 

Des ignation 

Soil  Wt.  (g. ) 
(air-dried) 

%  h2o 

1/3  Atm.  7o 

Maleb  A 

2 

421.31 

11.73 

23.46 

Maleb  B 

2 

371.69 

11.36 

22.72 

Maleb  C 

2 

408.76 

11.10 

22.20 

Cooking  Lake  A 

1 

433.92 

8.31 

16.62 

Cooking  Lake  B 

1 

410.10 

10.36 

20.71 

Cooking  Lake  C 

1 

434.21 

10.36 

20.72 
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Cooking  Lake  A.  The  moisture  content  of  the  samples  was  adjusted  to  a 
value  approximately  1/2  the  1/3  atmosphere  per  cent  just  prior  to  packing. 
This  was  similar  to  the  procedure  followed  by  Chao  _et  al .  (1960)  who  used 
soil  at  a  moisture  content  of  1/2  the  moisture  equivalent  in  their  column 
study  of  SO^  adsorption.  The  reason  in  both  cases  was  to  facilitate 
uniform  packing. 

The.  term  "total  N"  in  Table  31  refers  to  total  ammoniacal  and 
organic  N.  No  modification  was  made  to  include  nitrates  since  this  was 
primarily  an  investigation  of  the  strength  with  which  soil  in  each  horizon 
retained  the  ion.  The  inclusion  of  the  B  horizons  in  the  study  was 

done  for  the  sake  of  completion;,  although  only  the  A  and  C  horizons  of  the 
two  soils  were  used  in  the  greenhouse  investigations.  One  thing  apparent 
from  Table  31  is  the  fact  that  the  N  content  of  the  segments  in  the  Maleb 
columns  was  generally  higher  than  those  of  the  Cooking  Lake.  In  most  cases 
the  values  were  twice  as  high,  but  in  some  cases  they  were  as  high  as  three 
times.  It  will  be  noted  too  that  the  top  three  segments  of  all  the  columns 
generally  had  higher  N  contents  than  the  lower  segments.  It  was  mentioned 
earlier  that  leaching  of  the  columns  was  continued  until  approximately 
130  ml.  of  leachate  had  been  collected.  The  sole  exception  to  this  pro¬ 
cedure  was  the  Cooking  Lake  B  horizon  in  which  an  impermeable  layer  developed 
after  the  collection  of  approximately  60  ml.  of  leachate.  In  view  of  this 
difference  in  treatment  a  direct  comparison  of  N  content  and  distribution 

in  the  two  B  horizons  is  perhaps  not  too  meaningful.  One  other  point  of 
interest  to  the  author  was  the  fact  that  the  N  content  of  all  leachates  was 
the  same  with  the  exception  of  the  leachate  from  the  Maleb  A  which  was  much 
higher  in  N  content  than  the  others. 
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TABLE  31.  TOTAL  N  (me./lOO  g.)  OF  EACH  SOIL  SEGMENT  FOLLOWING 

ADDITION  OF  20  mg.  N15  AND  LEACHING 
(Average  of  2  Columns) 


Soil  Segments 
(inches) 

A  Horizon 

B  Horizon 

C  Horizon 

Maleb  (Profile  2) 

0  - 

1 

26.49 

17.58 

7.14 

1  - 

2 

24.11 

15.80 

7.12 

2  - 

3 

23.23 

14.58 

5.81 

3  - 

4 

22.54 

13.71 

5.52 

4  - 

5 

22.74 

13.70 

5.13 

5  - 

6 

22.11 

13. 15 

5.68 

6  - 

8 

22.50 

14.  12 

5.04 

8  - 

10 

22.52 

13.78 

5.18 

10  - 

12 

23.22 

13.76 

5.11 

12  - 

14 

22.26 

13.95 

5.40 

14  - 

16 

22.46 

13.87 

5.35 

16  - 

18 

22.90 

13.66 

5.34 

Leachate 

0.14 

0.02 

0.02 

Cooking  Lake  (Profile  1) 

0  - 

1 

8.90 

7.25 

5.77 

1  - 

2 

8.24 

5 . 18 

3.92 

2  - 

3 

7.86 

3.50 

2.22 

3  - 

4 

7.58 

3.04 

2.17 

4  - 

5 

7.04 

2.90 

2.17 

5  - 

6 

6 . 66 

2.91 

2.30 

6  - 

8 

7.04 

2.85 

2.16 

8  - 

10 

6.81 

2.96 

2.24 

10  - 

12 

6 . 63 

3.14 

2.20 

12  - 

14 

6.96 

2.81 

2.22 

14  - 

16 

6.52 

3.14 

2.10 

16  - 

18 

6.50 

3.02 

2.24 

Leachate 

0.02 

0.02 

0.02 

' 

V  •' 

■ 
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The  data  of  Table  32  provide  a  better  indication  of  the 
retentive  properties  of  the  different  horizons.  N  ^  analyses  were  re¬ 
stricted  to  the  top  six  segments  of  one  selected  column  for  each  soil 

horizon.  This  was  again  motivated  by  a  desire  to  limit  the  number  of 

spec trometr ic  determinations.  The  data  in  Table  32  are  presented  graphically 

in  Fig.  10  and  11.  It  is  apparent  from  Table  32  and  Fig.  10  that  the  added 

15 

N  moved  more  freely  through  the  Cooking  Lake  A  horizon  than  the  Maleb  A. 

It  will  be  observed  (Appendix,  item  2)  that  the  Cooking  Lake  A  (Profile  1) 
was  higher  in  total  clay  content  than  the  Maleb  A  (Profile  2).  The  dif¬ 
ferences  in  retentive  properties  observed  here  would  suggest,  therefore, 
that  there  was  a  difference  in  the  clay  mineral  composition  of  the  two 
horizons.  It  is  also  possible  that  there  is  a  difference  in  amount  and 
kind  of  organic  colloids  between  the  two  soils.  Since  the  Cooking  Lake  A 
displayed  a  lower  tenacity  with  respect  to  NH^+  retention,  it  would  appear 
that  the  differences  in  N  utilization  observed  in  the  greenhouse  were  not 
primarily  due  to  NH^+  retained  in  difficultly  available  form  by  the  clay 
fraction . 

The  retention  pattern  in  the  two  B  horizons  was  very  similar.  In 
view  of  the  development  of  the  impermeable  layer  in  the  Cooking  Lake  B 
mentioned  earlier,  this  comparison  is  only  of  theoretical  interest  and  the 
patterns  were  not  depicted. 

The  retention  pattern  in  the  two  C  horizons  (Table  32,  Fig.  11) 
was  the  reverse  of  the  situation  observed  in  the  A  horizons.  In  this  case 
the  Cooking  Lake  C  seemed  to  have  a  greater  affinity  for  the  NH^+  ion  than 
did  the  Maleb  C.  Appendix,  item  2  shows  that  the  total  clay  content  of  the 
two  horizons  was  very  similar.  Thus  the  difference  in  NH^+  retention  would 
appear  to  be  attributable  to  differences  in  clay  mineral  type.  In  view  of 
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TABLE  32.  N15  CONTENT  (me./ 100  g.)  OF  TOP  SIX  SOIL 

SEGMENTS  FOLLOWING  LEACHING 


Soil  Segments 
( inches ) 

A  Horizon 

B  Horizon 

C  Horizon 

Maleb 

(Profile  2) 

0  -  1 

2.75 

2.56 

1.25 

1  -  2 

0.88 

1.35 

0.80 

2-3 

0.50 

0.54 

0.28 

3-4 

0.10 

0.08 

0.09 

4-5 

0.10 

0.06 

0.04 

5  -  6 

0.10 

0.06 

0.03 

Cooking  Lake  (Profile  1) 

0-1 

1.40 

2.45 

1.99 

1  -  2 

1.09 

1.26 

1.07 

2-3 

0.78 

0.31 

0.02 

3  -  4 

0.40 

0.07 

0.01 

4  -  5 

0.25 

0.02 

0.01 

5-6 

0.19 

0.01 

0.01 

i ' 
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COLUMN  SEGMENTS  (inches) 

1C 

Distribution  of  added  NiJ  in  Maleb  A  (Profile  2)  and  Cooking  Lake 
A  (Profile  1)  horizons  after  leaching  with  water. 


Figure  10 
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Distribution  of  added  in  Maleb  C  (Profile  2)  and  Cooking  Lake  C 
(Profile  1)  horizons  after  leaching. 


Figure  11 
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the  relatively  small  differences  in  yield  of  dry  matter  (Table  15)  as  well 
as  N  uptake  (Table  18)  observed  on  the  two  C  horizons  it  is  probable  that 
NH^+  retention  properties  were  not  the  primary  deciding  factors. 

The  comparison  of  the  per  cent  recovery  of  the  added  (Table  33) 

in  the  various  segments  was  interesting  to  the  author.  Despite  the  higher 
clay  content  of  the  C  horizons  there  was  a  substantially  greater  per  cent 
recovery  of  added  in  the  two  A  horizons  and  B  horizons,  a  fact  which 

again  suggests  differences  in  clay  mineral  composition. 

The  top  two  segments  of  the  Maleb  A  horizon  exhibited  the  greatest 
NH^+  retentive  properties,  and  the  total  per  cent  recovery  of  in  the  top 

six  segments  of  this  horizon  was  slightly  higher  than  the  comparable  value 
for  the  Cooking  Lake  A.  In  view  of  this  stronger  affinity  for  the  NH^+  ion 
the  high  value  for  total  N  detected  in  the  Maleb  A  leachate  (Table  31)  was 
surprising  and  difficult  to  explain.  It  would  appear,  however,  that  this 
N  was  due  in  part  at  least  to  soluble  N  compounds  initially  present  in  the 
column  and  dissolved  by  the  water  as  it  passed  through  the  column. 

It  will  be  noticed  from  Table  33  that  with  the  exception  of  the 
Cooking  Lake  A  horizon  the  per  cent  recovery  of  added  in  each  horizon 

appeared  to  be  approaching  a  steady  value  in  the  sixth  segment.  If  the 
value  in  each  sixth  segment  is  taken  to  be  the  per  cent  recovery  in  each 
of  the  remaining  twelve  inches  of  the  column  an  estimate  of  the  per  cent 
recovery  in  the  entire  column  can  be  made.  On  this  basis  the  total  recovery 
in  the  Maleb  A,  B,  and  C  horizons  would  be  99  per  cent,  83  per  cent,  and 
49  per  cent,  respectively.  This  approximation  if  applied  to  the  Cooking 
Lake  A  horizon  would  result  in  a  per  cent  recovery  in  excess  of  100  per 
cent.  This  is  explainable,  however,  from  the  fact  that  the  per  cent  recovery 
in  the  sixth  segment  of  this  horizon  is  probably  not  the  steady  value.  The 
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TABLE  33.  PER  CENT  RECOVERY  OF  ADDED  N15  IN  THE  TOP  SIX 

SOIL  SEGMENTS  OF  EACH  COLUMN 
(Average  of  2  Replications) 


Soil  Segments 
(inches) 

A  Horizon 

B  Horizon 

C  Horizon 

Maleb 

(Profile  2) 

0-1 

48.40 

39.76 

21.35 

1  -  2 

15.49 

20.96 

13.66 

2-3 

8.80 

8.39 

4.78 

3-4 

1.76 

1.24 

1.54 

4-5 

1.76 

0.93 

0.68 

5-6 

1.76 

0.93 

0.51 

Totals 

77.97 

72.21 

42.52 

Cooking  Lake  (Profile  1) 

0-1 

25.38 

41.96 

36.10 

1  -  2 

19.76 

21.58 

19.41 

2  -  3 

14.14 

5.31 

0.36 

3  -  4 

7.25 

1.20 

0.18 

4  -  5 

4.53 

0.34 

0.18 

5-6 

3.44 

0.17 

0.18 

Totals 

74.50 

70.56 

56.41 

»  * 
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values  for  the  Cooking  Lake  B  and  C  would  be  73  per  cent  and  59  per  cent, 
respectively.  The  reason  for  these  estimations  is  to  point  out  that  the 
per  cent  recovery  in  the  Maleb  and  Cooking  Lake  A  horizons  was  within  the 
limits  expected.  The  values  for  the  two  B  horizons  were  also  not  unreason- 

K 

able.  However,  the  per  cent  N  recovery  in  the  two  C  horizons  was 

remarkably  low.  The  discrepancies  were  not  likely  due  to  volatilization 

as  gaseous  NH^  alone  since  the  soil  was  kept  wet  throughout  the  study.  It 

is  possible,  however,  that  some  NH^  was  lost  by  volatilization  since  the 

C  horizons  had  an  indigenous  excess  of  lime  (Table  2)  and  the  parafilm 

cover  was  not  airtight.  Denitrification  losses  as  other  volatile  N  forms 

are  also  a  possibility  since  the  waterlogged  condition  of  the  soil  in  the 

columns  provided  semi-anaerobic  conditions.  It  is  unlikely,  however,  that 

this  was  a  major  factor  since  even  under  ideal  anaerobic  conditions  lower 

soil  horizons  exhibit  less  denitrification  than  do  surface  horizons  (Khan, 

1964).  The  discrepancies  could  not  be  attributed  to  leaching  losses  since 

the  leachates  were  essentially  unlabelled.  It  is  possible  that  some  of  the 

N^H,+  was  converted  to  N^0„  and  was  therefore  not  detected  by  the 
4  3 

Kjeldahl  procedure  used.  The  degree  of  conversion  required  to  account  for 
the  discrepancies,  however,  does  not  seem  feasible,  because  the  columns  were 
allowed  to  drain  for  a  maximum  of  48  hr.  following  leaching.  During  the 
leaching  process  the  soil  being  saturated  should  not  have  allowed  appreciable 
nitrification.  Another  explanation  is  that  a  significant  portion  of  the 
added  NH^+  became  fixed  in  these  C  horizons  in  a  form  so  highly  resistant 
that  even  the  drastic  Kjeldahl  digestion  was  unable  to  dislodge  it.  The 
reason  for  the  low  recovery  obviously  requires  further  study.  Regardless 
of  the  mechanism,  however,  it  seems  reasonable  that  this  could  have  been  a 
major  factor  accounting  for  the  lower  N  uptake  on  the  Maleb  C  horizon  at 
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least  as  compared  to  the  Maleb  A  (Tables  6  and  18).  The  yield  of  N  on  the 
Cooking  Lake  C  was  also  lower  than  that  on  the  Cooking  Lake  A  at  the  zero 
and  150  lb./ac.  N  rates,  but  was  higher  at  the  300  lb./ac.  N  rate. 

The  data  in  Table  33  also  has  important  implications  for  field 
conditions  regarding  the  application  of  nitrogenous  fertilizers  containing 
the  NH^+  ion.  It  will  be  noted  that  48  per  cent  of  the  tagged  N  was  retained 
in  the  top  inch  of  the  Maleb  A  and  25  per  cent  in  the  Cooking  Lake  A  even 
after  being  leached  by  approximately  9  inches  of  water.  Under  field  con¬ 
ditions  the  top  inch  of  soil  dries  quickly,  and  it  is  likely  that  some  of 
the  NHa+  nitrogen  held  in  this  top  inch  would  be  subject  to  volatilization 
loss  as  NH^ .  Furthermore,  it  is  unlikely  that  this  NH^+  nitrogen  would 
become  available  to  the  plant  at  least  during  the  year  of  application 
because  of  low  nitrification  and  low  root  activity  in  the  dry  surface  soil. 
This  also  helps  to  explain  why  Jansson  (1958)  in  long  term  pot  experiments 
involving  the  use  of  NH^-N  could  only  detect  a  50  per  cent  recovery  of 
added  N  in  the  plant  during  the  initial  year  of  application.  The  high 
percentage  of  NH^+  retained  in  the  two  A  horizons  assumes  added  significance 
when  it  is  realized  that  the  amount  of  rainfall  on  most  Alberta  soils  in 
the  course  of  a  month  seldom  exceeds  3  inches. 

It  should  be  stressed  that  this  study  did  not  determine  whether 
the  NH^+  retention  was  due  to  fixation  or  adsorption.  However,  since  the 
Maleb  soil  retained  more  NH^+  in  the  column  than  did  the  Cooking  Lake  and 
yet  allowed  greater  N  uptake  in  the  greenhouse,  it  appears  that  adsorption 
was  mainly  involved.  Since  the  roots  were  in  intimate  contact  with  the 
total  soil  mass  in  the  greenhouse  experiment,  the  slow  downward  movement  of 
NH^+  observed  in  the  column  study,  if  due  to  adsorption,  would  not  be  a 
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major  factor.  Under  field  conditions,  however,  it  would  probably  have  an 
important  bearing  on  nitrogen  utilization  by  a  crop.  It  would  appear 
that  immobilization-mineralization  phenomena  were  the  dominant  factors 
accounting  for  the  differences  observed  in  the  greenhouse  experiment. 


. 
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SUMMARY  AND  CONCLUSIONS 

It  is  apparent  from  the  foregoing  discussion  that  the  Maleb  and 
Cooking  Lake  soils  differed  markedly  in  their  reactions  with  regard  to 
added  No  This  was  reflected  in  the  differences  in  yield  of  dry  matter 
(Tables  3  and  15)  as  well  as  N  uptake  (Tables  6  and  18,  Fig.  1  and  2). 
Differences  in  N  utilization  also  had  an  indirect  effect  on  the  ability 
of  the  indicator  crop  to  absorb  K  and  Ca  from  the  two  soils  (Tables  9,  12, 
21,  and  24).  Despite  the  use  of  the  high  yielding  Gateway  barley  and  a 
relatively  high  plant  stand,  the  yield  of  dry  matter  on  the  Cooking  Lake 
and  Maleb  soils  was  somewhat  lower  than  expected.  This  suggests  that  the 
greenhouse  experiment  could  have  been  modified  to  allow  for  larger  pots, 
more  soil,  and  an  even  higher  plant  stand. 

Evidence  was  found  that  lime  generally  lowered  N  uptake  on  the 
two  soils  studied,  being  more  depressive  on  the  Maleb  A  horizon  than  on 

the  Cooking  Lake  A.  The  response  surface  for  the  yield  of  N  on  the  Cooking 

Lake  A  horizon  (Fig.  3)  showed  an  initial  decrease  in  yield  of  N  at  the 
two  upper  N  rates  as  the  lime  level  changed  from  zero  to  5  tons  per  acre. 

This  observation  was  difficult  to  explain.  It  is  likely  that  a  5  x  5  x  5 

composite  design  would  have  been  preferable  to  the  standard  3x3x3  design 
used.  This  would  have  facilitated  the  use  of  additional  levels  of  each 
nutrient  and  would  have  improved  the  definition  of  the  response  surfaces. 

The  big  drawback  to  this  was  the  fact  that  this  design  had  never  been  used 
at  the  University  of  Alberta  and  there  was  some  doubt  as  to  procedure  for 
statistical  analysis.  This  matter  is  now  receiving  attention  and  the 
present  study  confirms  that  there  is  need  for  a  design  of  this  type. 

There  was  evidence  too  that  the  behaviour  of  applied  lime  was 
similar  to  that  of  indigenous  free  lime  in  inhibiting  N  uptake.  Lime 
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depressed  dry  matter  yields  significantly  on  the  Maleb  A  horizon  and 
increased  them  significantly  on  the  Cooking  Lake  A.  The  lime  probably 
corrected  a  nutrient  imbalance  on  the  latter  soil.  Lime  reduced  K  uptake 
on  the  Maleb  A  horizon  but  increased  it  on  the  Cooking  Lake  A. 

Applied  N  was  the  nutrient  variable  which  had  the  most 
significant  effects,  influencing  both  yield  of  dry  matter  and  uptake  of 
N,  K,  and  Ca.  On  the  Maleb  A  horizon,  increases  in  applied  N  produced 
increased  yields  of  dry  matter  at  all  three  levels  of  lime.  On  the  Cooking 
Lake  A,  applied  N  up  to  the  150  lb./ac.  rate  increased  dry  matter  yields 
but  a  further  increase  in  N  to  300  lb./ac.  caused  no  further  increase  in 
dry  matter.  The  effect  of  applied  N  on  N  uptake  on  the  two  A  horizons 
closely  paralleled  the  effect  on  dry  matter  yields.  Increasing  N  rates 
produced  increasing  uptake  of  K  on  the  Maleb  A,  but  the  N  effect  on  K  uptake 
on  the  Cooking  Lake  A  horizon  was  erratic.  Applied  N  seemed  to  produce  a 
weak  trend  towards  increased  Ca  uptake  on  the  Cooking  Lake  A,  but  a  strong 
trend  on  the  Maleb  A.  Increasing  N  rates  tended  in  general  to  produce 
increased  yields  of  dry  matter,  N,  K,  and  Ca  on  the  C  horizons  of  both 
soils . 

The  effect  of  K  on  nutrient  uptake  was  not  very  marked  on  these 
soils.  In  fact,  with  the  solitary  exception  of  its  effect  on  K  uptake  on 
the  two  A  horizons,  applied  K  did  not  exert  a  significant  influence.  In 
the  light  of  the  observations  made  in  the  greenhouse  studies  the  first 
hypothesis  was  rejected.  The  converse,  that  neither  native  nor  applied 
K  had  a  marked  effect  on  N  uptake  by  plants  on  the  Maleb  and  Cooking  Lake 
soils,  was  accepted. 

Hypothesis  2  was  accepted  after  the  following  modification: 
native  lime  and  added  lime  will  directly  or  indirectly  reduce  N  uptake  on 


some  soils . 
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Tracer  studies  on  the  fate  of  added  N  were  conducted  using  N^H^NO^ 
as  the  tracer.  Rittenbetg's  apparatus  for  converting  NH^+  to  ^  gas  proved 
unsatisfactory  in  the  present  study  from  the  standpoint  that  the  NH^+ 
conversion  was  tedious  and  the  prepared  samples  often  had  considerable 
air  contamination.  The  apparatus  was  therefore  modified  to  facilitate  the 
rapid  preparation  of  duplicate  samples  with  very  low  air  contamination.  The 
studies  substantiated  the  hypothesis  of  Jansson  (1958),  that  added  N  does  not 
become  uniformly  diluted  with  the  total  soil  N.  There  was  evidence  of  an  "active" 
soil  N  fraction  which  corresponded  to  the  nondist illable  acid-soluble  fraction 
of  Stewart  £t_  al .  (1963).  This  is  an  organic  fraction  believed  to  comprise 
amino  acids  and  acid-soluble  humin .  The  inverse  relationship  between  the 
inorganic  fraction  and  this  nondist illable  acid-soluble  fraction  reported  by 
Stewart  al .  (1963)  was  also  substantiated  in  the  present  study.  The  main 
difference  in  the  fluctuations  in  these  fractions  between  the  two  soils  was 
one  of  extent.  Despite  a  lower  total  N  content  in  each  organic  fraction,  the 
Cooking  Lake  soil  immobilized  a  greater  portion  of  the  tagged  N  in  difficultly 
available  form.  As  a  result  of  these  tracer  studies  the  third  hypothesis 
was  accepted.  That  is,  fluctuations  in  the  magnitude  of  the  "active"  fraction 
of  soil  N  were  reflected  in  the  relative  amounts  of  N  taken  up  from  each  soil. 

Tracer  methods  involving  the  use  of  N^H4N03  were  also  used  to 
study  NH4+  retention  phenomena  in  the  major  horizons  of  the  Maleb  and 
Cooking  Lake  soils.  The  per  cent  recovery  as  well  as  the  distribution 

in  columns  of  the  two  A  horizons  after  leaching  showed  the  retention  pro¬ 
perties  in  the  two  soils  to  be  different,  suggesting  a  difference  in  the 
clay  mineral  composition  and  possibly  a  difference  in  kind  and  amount  of 
organic  colloids.  The  Maleb  A  had  a  greater  tenacity  for  the  ion  than 
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did  the  Cooking  Lake  A,  but  the  Cooking  Lake  C  appeared  to  be  superior  to 
the  Maleb  C  in  this  regard. 

It  was  noteworthy  that  48  per  cent  of  the  added  was  retained 

in  the  top  inch  of  the  Maleb  A  horizon  and  25  per  cent  in  the  Cooking  Lake 
A  even  after  the  passage  of  9  inches  of  water  through  the  soil  columns. 

This  could  have  important  implications  under  field  conditions  if  fertilizers 
are  applied  in  NH^+  form. 

Substantial  amounts  of  applied  to  the  Maleb  and  Cooking  Lake 

C  horizons  could  not  be  accounted  for,  indicating  that  large  amounts  were 
either  fixed,  lost  by  volatilization,  or  converted  to  nitrates.  For  a 
variety  of  reasons,  it  is  suggested  that  the  latter  two  should  have  been 
rather  small.  Further  work  will  be  required  to  confirm  the  fixation  aspect. 
The  low  recovery  of  added  N  on  the  C  horizons  is  in  accordance  with  the 
findings  of  Viets  (1961),  who  observed  low  N  recovery  on  high  lime  soils 
following  the  application  of  N.  The  comparison  of  the  two  B  horizons  was 
inconclusive,  owing  to  the  development  of  an  impervious  layer  in  the  B 
horizon  of  the  Cooking  Lake  soil  which  prevented  adequate  leaching. 

Differences  in  adsorption  properties  between  the  soils  probably 
contributed  to  the  differences  in  N  uptake  observed  in  the  greenhouse. 

The  main  cause,  however,  appeared  to  be  attributable  to  differences  in 
immobilization-mineralization  phenomena  in  the  two  soils. 
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APPENDIX  1 


MODIFIED  HEWITT'S  NUTRIENT  SOLUTION 

(Hewitt,  1952)* 

kh2po4 

2.00  g . 

NaCl 

0.40  g. 

CaS04'2H20 

2.00  g. 

MgS04“7H20 

2.00  g. 

Seques  trene 

0.12  g. 

H3BO3 

2.00  mg . 

MnS04*H20 

6.20  mg . 

ZnS04'7H20 

3.50  mg . 

Na2Mo04-2H20 

2.10  mg . 

CuS04-5H20 

0.05  mg . 

CoC12»6H20 

0.10  mg . 

Distilled  H20 

20  litres 

*  Modifications  made  were  as  follows : 

1.  Omission  of  KNO3 

2.  Substitution  of  Sequestrene  for  Ferric  citrate 
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APPENDIX  2 

MECHANICAL  ANALYSIS  OF  SOILS  UNDER  STUDY  * 


Samples 

7o  Sand 

%  Silt 

1  Cl, 

Maleb  1A 

49 

26 

25 

Maleb  IB 

50 

25 

26 

Maleb  1C 

47 

23 

30 

Maleb  2A 

62 

23 

16 

Maleb  2B 

42 

28 

30 

Maleb  2C 

49 

19 

32 

Maleb  3A 

52 

23 

25 

Maleb  3B 

52 

19 

30 

Maleb  3C 

41 

24 

35 

Elnora  1A 

68 

19 

13 

Elnora  IB 

60 

14 

26 

Elnora  1C 

31 

40 

29 

Elnora  2A 

51 

26 

23 

Elnora  2B 

34 

30 

26 

Elnora  2C 

42 

18 

40 

Elnora  3A 

58 

28 

14 

Elnora  3B 

49 

16 

35 

Elnora  3C 

46 

17 

38 

Cooking 

Lake 

1A 

50 

30 

20 

Cooking 

Lake 

IB 

49 

17 

34 

Cooking 

Lake 

1C 

44 

23 

32 

Cooking 

Lake 

2A 

52 

28 

30 

Cooking 

Lake 

2B 

42 

24 

34 

Cooking 

Lake 

2C 

34 

28 

38 

Cooking 

Lake 

3A 

44 

31 

25 

Cooking 

Lake 

3B 

44 

16 

40 

Cooking 

Lake 

3C 

47 

19 

35 

* 


Bouyoucos,  1951. 
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APPENDIX  3 


TUBE  CHARACTERISTICS  OF  THERMOCOUPLE  VACUUM  GAUGE 


thermocouple  type 


DATA 

General : 

Heater,  for  Thermocouple: 

Voltage  (Approx.).  ...  1  . ac  or  dc  volts 

Current .  0.070  . amp 

Resistance  of  Thermocouple  5  approx . ohms 

Maximum  Overal 1  Length  (with  tubulation)  .  6-1/4" 

Maximum  Diameter .  1-11/16" 

Bulb .  T-12 

Tubulation  .  3^8"  Diameter  Hard  Glass, 

Corning  Code  772  Nonex 

Mounting  Position . Any 

Terminal  Arrangement  .  See  Outline  Drawing 

Terminal  Connections: 


H  -  Heater 


TC  -  Thermocoup! e 


Calibration: 

See  next  page. 


LINE  AS  DETERMINED  BY  RING  GAUGE  OF 
'/2*  I  D. 

""BROWN  HEATER  LEAD  SHOULD  BE  CONNECTED 
TO  POSITIVE  TERMINAL  OF  DC  HEATER  SUPPLY.  92CS-68  15 


JUNE  20,  1947  tube  department  TENTATIVE  DATA 

■AOIO  COtPOtATlON  Of  AMtllCA,  HA««iSON.  NtW  JltSIY 
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APPENDIX  4 

CALIBRATION  CURVES  FOR  THERMOCOUPLE  VACUUM  GAUGE 


1946 

CALIBRATION  CURVES 


■4 — I — i — i — i — t- 


— 

HEATER 

— * 

CURVE 

bpownIunmarkcd 

CURRENT 

— 

LE  AO 

LEAD 

AMR 

— 

1 

♦ 

- 

0.070  DC 

— 

2 

- 

♦ 

0.070  DC 

— 

3 

± 

T 

0.070  RMS 

GAS  =  DRY  AIR 

TO  CONVERT  MM  TO  MICRONS, 
MULTIPLY  VALUES  BY  IOOO 


HEATER 

SUPPLY 


MAR. II  1947 


4  6  B  10 

THERMOCOUPLE  EMF  — MILLIVOLTS 
TUBE  DEPARTMENT 

lA&O  COtfOtATON  of  AJ*I»  CA,  MlfnON.  MfW  JEW 
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APPENDIX  5 

DERIVATION  OF  EQUATION  FOR  COMPUTING 
ATOM  %  N15  IN  A  SAMPLE  CONTAINING  BOTH 


NITROGEN  ISOTOPES 

15  14 

N  and  N  exist  in  dynamic  equilibrium  in  accordance  with 


the  equation: 


14  14  15  15  »  14  15 

N  N  +  N  N  2N  N 


The  equilibrium  constant  K  for  this  reaction  is  given  by 

4  (Rittenberg,  1946) 


[n14n 

15j2 

[n14n14] 

[n15n 

Now  if 

[n14n15] 

[n14n 

15i 

[n14n14] 

[n15n 

15j 

Then 

[n14n15] 

4[N15N15] 

[n14n14] 

[ N14Ni5 ] 

Let 

[n14n14] 

[  N-l5n14  ] 

= 

R 

Then 

[n15n15] 

1 

[n14n15] 

4R 

Atom  7> 

N15=  No.  of 

atoms 

N15 

Total  No. 

of  N 

atoms 

=  ("  [  n^4n^ 

]  + 

2[N15N15 

2  ([N14 

N14] 

+  [n14n 

Eq.  1 


x  100 


]  +  [n15n15])  q 

Now  dividing  the  numerator  and  denominator  by  [N^4N^~*]  and  substituting 
R  =  [ N^4N^4 j  equation  2  reduces  to: 


[n15n14] 

fi  +  i 


x  100 


2R 


Eq.  3 


2  [R  +  1  +  1  J 


Atom  7.  N 


15 


4R 

[  2R  +  1 3 

2R 


x 


100 


[4Rg  +  4R  +  l] 

2R 


' 
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APPENDIX  5  (Continued) 

=  [ 2R  +  1]  x  100 

[  4R2  +  4R  +  1] 

=  [ 2R  +  1 ]  x  100 

[  2R  +  1]  [  2R  +  1] 

Therefore  Atom  aL  =  ^-QQ _ 

[  2R  +  1] 


Where  R  is  the  ratio  of  the  28  peak  intensity  to  29  peak 
intensity  as  monitored  on  the  mass  spectrometer. 
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APPENDIX  6 

CALCULATION  OF  ATOM  PER  CENT  N13  FROM  MASS  SPECTROMETER  DATA 


Res iduals 

28  Peak  Intensity 

29  Peak  Intensity  32  Peak  Intensity 

477 

27  39 

28  Peak  Intensity 

Run 

29  Peak  Intensity  32  Peak  Intensity 

78100 

14610  60 

73500 

13650 

71300 

13260 

69200 

12930 

67200 

12570 

65200 

12210 

63700 

11880 

61700 

11490 

59600 

11160 

58100 

10830 

Net  Values  (Run-Res iduals ) 

28  Peak  Intensity 

29  Peak  Intensity  32  Peak  Intensity 

77623 

14583  21 

73023 

13623 

70823 

13233 

68723 

12903 

66723 

12543 

64723 

12183 

63223 

11853 

61223 

11463 

59123 

11133 

57623 

10803 
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R  (Ratio  28/29) 

APPENDIX  6  (Continued) 

2 

A (Deviation  from  Mean)  A  x  10 

5.323 

0.008 

64 

5.360 

0.029 

841 

5.352 

0.021 

441 

5.326 

0.005 

25 

5.320 

0.011 

121 

5.312 

0.019 

361 

5.334 

0.003 

9 

5.341 

0.010 

100 

5.311 

0.020 

400 

5.334 

0.003 

9 

Mean  R  =  5.331 

Std.  Deviation  = 

I  =  /  2371  x 

N  -  1  V  9 

10’6  =  16.22  x  10‘3 

7o  Std.  Deviation  =  16.22  x  10  ^  x  100  =  0.30 

5.331 

Atom  7o  N15  =  100  =  100  =  8.574 

(2R  +  1)  11.622 

7o  Air  Contamination  =  21  x  6.3*  x  100  =  0.17 

77623 

Corrected  Value  =  (8.574  -  0.38**)  x  1.0017  =  8.  194  Atom  %  N^3 

*  Correction  factor  accounting  for  mass  discrimination  of  O2  with 
respect  to  N2  by  the  mass  spectrometer  (Appendix  7). 

**  Normal  abundance  of  N^3  as  per  Rankama  (1954). 
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APPENDIX  7 

CALIBRATION  OF  THE  MASS  SPECTROMETER  FOR  INHERENT  DISCRIMINATION  OF  MASS  28 

WITH  RESPECT  TO  MASS  32 


Air  correction  of  the  nitrogen  gas  samples  analyzed  was  done  by 


monitoring  the  mass  32  peak  due  to  oxygen  and  then  computing  the  resultant 
N  contribution  to  the  peaks  at  masses  28  and  29.  Although  there  is 
approximately  four  times  as  much  nitrogen  in  air  as  oxygen,  it  is  incorrect 
to  assume  that  the  air  contribution  to  the  mass  28  peak  is  four  times  the 
peak  intensity  of  the  oxygen  peak.  This  is  an  invalid  assumption  since  the 
probability  of  ionization  of  oxygen  and  nitrogen  is  not  the  same.  It  is 
found  in  actual  practice  that  each  mass  spectrometer  discriminates  inherently 
against  the  mass  32  ions  with  respect  to  the  ions  at  mass  28.  The  actual 
ratio  of  mass  28  to  mass  32  must  therefore  be  determined  for  each  spectro¬ 
meter  by  analysis  of  a  sample  of  air.  The  following  data  illustrate  how 
this  was  done  for  the  6  inch  radius  60°  Magnetic  Analyzer. 


Res iduals 


28  Peak  Intensity 


32  Peak  Intensity 


455 


19.5 


Run 


28  Peak  Intensity 


32  Peak  Intensity 


71700 


11100 


67500 


10590 


63200 


9990 


59000 


9300 


55000 


8760 
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APPENDIX  7  (Continued) 

Net  Values  (Residuals  Subtracted) 

28  Peak  Intensity  32  Peak  Intensity  Ratio  28/32 


71245 

11080.5 

6.43 

67045 

10570.5 

6.34 

62745 

9980.5 

6.29 

58545 

9280.5 

6.31 

54545 

8740.5 

6.24 

Therefore  average  air  correction  factor  =  6.32.  Similar 

calibration  procedures  conducted  on  the  12  inch  90°  Magnetic  Analyzer 
revealed  that  the  correction  factor  for  this  instrument  was  6.10. 
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